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THE EFFECTS OF MALT AND MALT EXTRACTS ON 
SCURVY AND THE ALKALINE RESERVE 
OF THE BLOOD. 
By J. McCLENDON, W. C. C. COLE, O. ENGSTRAND, J. 
MIDDLEKAUFF. 


(From the Physiological Laboratory of the University of Minnesota Medical 
School, Minneapolis.) 


(Reeeived for publication, August 25; 1919.) 


It has been well established that scurvy may be prevented or 
cured by eating fresh raw food. The object of the present paper 
is to determine whether, in the entire absence of fresh foods, scurvy 
may be prevented or cured by malt products suitable for food for 
infants and adults. Cereal grains may be easily transported and 
stored so as to preserve their sprouting capacity and there would 
be no necessity of a shortage of them, and hence no necessity of 
scurvy if the scurvy-ridden communities knew how to use them. 
Wiltshire has shown that human seurvy may be cured with 
sprouted beans, and Greig advocates their use in the army, but 
one of us has tested the sprouting of beans in army camps and 
under various climatic conditions and found them far less resistant 
to mould than are any of the cereal grains except maize. Germi- 
nation tests on many samples of beans bought from civilians 
showed that they were incapable of sprouting under any condi- 
tions. Army beans that showed over 90 per cent germination were 
attacked by mould if the temperature rose above 15° at night. 

The relative importance of this work depends on the prevalence 
of scurvy, but we have not been able to obtain complete infor- 
mation on this subject. During the Civil War 30,741 cases of 
scurvy among white troops were recorded. Bruntz and Spillmann 
designate “‘trench-foot’’ as a prescorbutic condition. Many cases 
of scurvy have been diagnosed as such only after treatment on 
the supposition that the lesions were due to another cause. 

Durand finds that canned milk (which has been repeatedly 
shown to be deficient in antiscorbuties) causes dental earies in 
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Infants. In examinations of voung children whose infant histories 
were known, 53 to 74 per cent showed dental caries following : 
diet of canned milk, whereas breast-fed children showed 28 to 42 
per cent dental caries. If the soundness of teeth depends on 
antiscorbutics in the diet, the subject is one of greater importance 
thanit has generally been considered. 

soon after Holst and Frohlich in Norway began their work on 
scurvy in guinea pigs, Furst, working in their laboratory, showed 
that fresh sprouted barley is sufficient in antiscorbutic principles, 
but that these properties are lost in the drving of the malt, as is 
usually done in the beer industry. Weill and Mourtquand have 
disputed the fact fhat sprouting barley contains antiseorbutic 
substances but they admiuit that the voung barley plant is effective 
inthisway. Chick and Hume, and Cohen and Mendel have also 
found antiseorbuties in sprouting grains (oats, barley). 

Since barley grains vield an acid ash and Wright has clanmed 
that scurvy is the result of acidosis, we eliminated this possible 
objection by determinations of the alkaline reserve of the blood 
In scurvy as compared with that in health. We used guinea pigs 
because they are the classical antbuals for the study of scurvy and 
also rabbits since they are particularly susceptible to acidosis, In 
order to control the ash of the food we took two equal weights of 
barley, sprouted one part, and fed it to one animal, and fed the 
other part, unsprouted, to an animal of the same size. Brown 
has shown that the barley grain loses or gains no salts by steeping 
as long as it is alive and that the salts gained by the steep water 
come from the husk. Since guinea pigs do not eat the husk, we 
assume that the one eating drv barley gets the same salts as the 


one eating the same weight of sprouted barley. The guinea pigs 


were kept in cages of | inch wire sereen, with partitions so that 
each guinea pig had a separate compartment. They learned to 
drink out of inverted tubes filled with water. 

The barley was sprouted by the drum method, large, wide- 
mouthed glass jars serving as drums. Phe jars were placed on 
two parallel steel shafts, 2 em. in diameter, 200 em. long, and placed 
LO em. apart. Both shafts were rotated in the same direction by 
means of a small electric motor and worm-gear. The friction of 


the shafts on the jars enused them to rotate very slowly. Cool, ° 


moist air was supplied by means of an aspirator pump and trans- 
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mitted by tubes projecting into the mouths of the jars. Two 
adjacent jars were placed with their mouths facing one another 
and air was supplied to both of them by means of a T-tube. Seed 
barley! was placed in a jar together with the amount of water it 
would absorb in 24 hours rotation, and at the end of that time 
it was washed, drained, and the rotation continued until the 
sprouting was complete. If the temperature within the Jar ap- 
proached 30° during the first 48 hours, death of some grains might 
occur, but after the first 48 hours (or, more correctly, after the 


‘ 


1. 


acrospire appeared), the temperature might be raised to 30° with 
Impunity. Since rise in temperature decreases the time required 
for sprouting, we never let it fall below 20°. The original design 
of the apparatus is shown in Fig. 1. 

In determining the alkaline reserve, twelve guinea pigs and 
six rabbits were used. The animals were weighed every day, but 
the weight curves in this paper are smoothed so as to obliterate 
the goniusing details since we were unable to compare the curves 


‘We are indebted to the cooperation of Professor A. ©. Arnyv for the 
seed barley. 
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in their original form. The weight curves of the guinea pigs are 
shown in Fig. 2. The spaces on the ordinate represent differences 
of 100 gin. in weight, and the spaces on the abscissa intervals of 
30 days. The curves of the animals fed on sprouted barley (with 
acrospire Linch long) are represented by unbroken lines, and the 
curves of the animals on dry barley by broken lines. The animals 
are numbered 1 to 6 beginning with the smallest (200 gm.) at the 
left. [t may be seen that the animals on sprouted grain lost little 
if anything in weight, whereas those on dry grain lost rapidly. 


Gm. 
400 
300 
200 
K J0.days 


Fig. 2. 


This was not due to lack of water as both sets were supplied with 
water ad libitum, and the dry grain was fed in a dish of water. 
The fifth guinea pig on dry grain died in 17 days, the remaining 
were bled to death in 20 to 25 days, and all showed hemorrhages 
characteristic of scurvy. None of the guinea pigs on sprouted 
grain showed scurvy syinptoms. 

The alkaline reserve was determined by a modification of the 
Van Slyke, Stillman, and Cullen method. We found = their 
method satisfactory, but modified it a little so as to compare 
more readily our previous data with the present determinations. 
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Neutral red fades in the standard solutions and we found that 
dibromothymolsulfonephthalein was more permanent and gave 
striking color changes, but we did not have enough of it and con- 
fined our determinations to neutral red, making new standards 
every day. For standards, we used the borax mixtures of Palitzsch 
since they are better and cheaper than phosphate mixtures. 
Since Palitzsch does not show the continuous curve for these 
mixtures, and we determined ours with the hydrogen electrode, 
we give the following directions for making them. 

We made stock solutions of 0.05 molecular borax and 0.2 molec- 
ular borie acid and protected them in resistance glass flasks with 
automatic burettes with soda-lime tubes. We used reagent 
borax dried in air as it came from the manufacturer, noting that 
none of the erystals was moist or had effloresced. We recrys- 
tallized the boric acid and dried it in a desiccator. The water 
was freshly distilled and COv.-free air was blown through it for 15 
minutes. The following table shows the pH and the per cent of 
the borax stock solution, the remainder being boric acid stock 
solution.” 


pH......} 6.6] 6.7) 6.8 6.9) 7.0, 7.1) 7.2, 7.3) 7.4] 7.5, 7.6, 7.7, 7.8) 7.9 

Per cent | | | | | | | | | | | 

of borax. 2.5) 2.7, 3.2) 3.9 5.0 6.1) 7.4) 9.9:10.612.715.117.7 20.5 23.7 
| | | | 

pH......) 8.0) 8.1) 8.2) 8.3) 8.4) 8.5) 8.6; 8.7; 8.8] 8.9) 9.0) 9.1) 9.2) 

Per cent | | | | | | | | | | | 


| | | | | | | | | | | 
of borax. 27.330.935.2 39.7 44.449.3.54.760.7 67.474.581.589.296.8 


We found that the dilution of plasma recommended by Van 
Slyke is sufficient, as we got practically the same results with 
double or quadruple that dilution, but that the COs remaining in 
the plasma after rotation made a difference of about two drops in 
the titration. This is no objection to Van Slyke’s method, but 
we wished to blow out the COs as thoroughly as we did in the 
electrometric method in order to compare results by the two 
methods. The flask was rotated by an electric motor while a 
stream of CO.-free air was blown through it, as shown in Fig. 3. 


? We are indebted to Professor Grace Medes for most of the work in pre- 
paring the standards. 
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The method may be summarized as follows: Tubes were pre- 
pared for the blood by drying in them enough 25 per cent 
potassium oxalate solution to make 0.2 per cent dry oxalate in 
the blood. The animal was anesthetized lightly with ether and 
the blood was drawn from the left ventricle (carotid in rabbits) 
and centrifuged immediately. 1 ce. of plasma was introduced in 
a 100 ce. flask of resistance glass and 20 ce. of distilled water, 0.3 
cc. of 0.1 per cent solution of neutral red, and 3 ec. of 0.01 nN HCl 
were added. Three similar flasks were made up with 25 ee. of 


Fic. 3. 


standard solution and 0.3 ce. of indicator in each, showing pH =6.6, 
7.0,and 7.4. The plasma flask was rotated 5 minutes and, if the 
color came within range of the standards, more acid was added, 
but it is not necessary normally to add more acid. The plasma 
was then titrated in the same flask with 0.01 normal solution of 
(*().-free NaOH to the three standard colors in suecession. Both 
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acid and alkali were made up with CO.-free distilled water and 
kept in automatic burettes that fill from the top so that the 
solutions do not pass through a greased stop-cock before entering 
the burette. 

The following -table shows the alkaline reserve in terms of a 
normal solution, as titrated to the three standards. Owing to 
changes in ionization by dilution, we prefer not to say what pH 
is the correct end-point, but any end-point may be noted by 
drawing a curve through the three points. 


Seurvy guinea pigs (dry barley). Controls (barley with 1 in. sprouts). 


No. pH pH 

1 | 0.026 0.024 0.021 0.016 0.014 0 012 
9 0.021 0.019 0.017 0.018 0.016 0.014 
3 0.034 0.032 0.026 0.021 0.019 0.017 
4 0.020 |. 0.019 0.017 0.020 0.019 0.017 
0.022 0.021 0.019 
6 | 0.022 0.017 0.019 


0.020 0.016 


It may be seen from the table that with the exception of Scurvy 
Guinea Pig 3, which was in a moribund condition with dark 
venous blood, there is no essential difference between the alkaline 
reserve of those with and without scurvy. If the alkaline reserve 
changed during ether anesthesia, and differently in different indi- 
viduals, that would account for the slight differences shown, but 
not for the similarities of the two groups. We must conclude 
that acidosis has nothing to do with scurvy in the guinea pig. 

The weight curves of the rabbits are shown in Fig. 4, those on 
sprouted grain are shown by unbroken lines and those on dry grain 
by broken lines. The spaces on the ordinate represent differences 
of 300 gm. in weight, and the space on the abscissa represents an 
interval of 20 days. The rabbits were numbered 1 to 3 beginning 
with the pair at the top (900 gm.). The rabbits on sprouted 
barley remained nearly constant in weight, while those on dry 
barley lost and two of them died before blood was drawn. The 
900 gm. rabbit on dry grain showed scurvy lesions when blood 
was drawn on the 21st day. Before the beginning of the experi- 
ment, all the rabbits had been kept together and fed on oats and 
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hay. Hence they were particularly susceptible to a scorbutie diet. 


The alkaline reserve 4s shown in the following table. 


No. pH 
6.6 7.0 7.4 Hh 7.0 
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Seurvy rabbits (dry barley). Controls (barley with Lin. sprouts). 


In our previous determinations on rabbits fed on earrots and 
hay (MeClendon, von Mevsenbug, Engstrand, and Wing), the 
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alkaline reserve was found to be about 0.020, and henee both sets 
of the above rabbits show acidosis due to the deficiency of alkali 
in the exclusive barley diet. The scurvy rabbit does not show a 
significant difference in alkaline reserve from the controls, and 
therefore we may conclude that acidosis has nothing to do with 
scurvy in rabbits, but may be a factor in the early death of the 
animals, 

According to First, barley sprouted for 3 days prevents scurvy, 
whereas Weill and Mouriquand found that 10 days sprouting was 
required, These workers do not record the temperature, and 
since the rate of sprouting is more than doubled by a rise of 10° 
in temperature, it is necessary to control and record the tempera- 
ture or determine the degree of sprouting by the length of root 
and acrospire. In the following experiment an attempt is made 
to determine the degree of sprouting and quantity of malt necessary 
to prevent scurvy in the guinea pig, but an epidemic of pneumonia 
made the data fragmentary. 

In this experiment barley seedlings of three ages were used 
(1 day, 2 days, and 3 days). In 1 day the roots were { 
Inch in length, in 2 days the acrospire was visible, and in 3 davs 
the acrospire projected § inch bevond the grain. The growth 
curves of the guinea pigs are shown in Fig. 5. Fifteen of these 
guinea pigs were divided into five sets, numbered | to 5, and 
arranged from left to right (Pig. 5). The curves of the guinea pigs 
fed on | day sprouts are shown by unbroken lines, those on 2 day 
sprouts by broken lines, and those on 3 day sprouts by dotted lines. 
The divisions on the ordinate represent differences of 100 gm. in 
weight, and those on the abscissa intervalsof 30 days. The first set 
was fed L gm. of sprouts, the second set 2 @m., the third set 3 em.., 
the fourth set 4 gm., and the fifth set 5 em. per LOO gm. of body 
weight of guinea pig per day, and they had oats and water ad 
libitum. 

It may be seen from the curves that nearly all the guinea pigs 
began to gain in weight and then to lose; the end of the eurve 
represents the early death. Besides this series, one @uinen pig, 
represented by the chain of cireles in Fig. 5, was fed oats and 2 
day sprouted barley ad (/bitum and he ate less than 25 gm. per day 
of the latter. He died at the end of 33 days with no svinptoms of 
scurvy. The fact that guinea pigs of this weight die of scurvy 
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in about 20 days indicates that 2 day sprouts contain an appre- 
ciable amount of antiscorbutic substance. Another guinea pig, 
represented by the chain of crosses in Fig. 5, was fed oats and 3 
day sprouted barley ad libitum, and ate less than 25 gm. per day 
of the latter. He gained in weight for 32 days. The decline in 
weight following was apparently accompanied by an infection that 
caused death of some of the guinea pigs, but was manifested by a 
coryza and dyspnea in this one. At the end of the 48th day we 
discontinued the oats and gave him the sprouts and autoclaved 
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biscuit containing condensed milk for a few days, and then fed 
him exclusively on sprouted barley and water until he died at the 
end of 90 days without symptoms of scurvy. Since barley is 
deficient in salts, protein, and fat-soluble A, as shown by Steenbock, 
Kent, and Gross, and salts, at least, cannot be synthesized in the 
sprouting of the barley, the death of this guinea pig might have 
been due to lack of salts. 

Since the above experiments show that barley, sprouted until 
the acrospire is } inch long or longer, contains considerable anti- 


scorbutie substance (and the same is true of other grains) efforts 
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were made to prepare sprouted grain for human food and yet 
preserve the antiscorbutic substance. The husks of barley make it 
poor eating, but wheat and rye offer no mechanical difficulties. 
If sprouted wheat and rye are heated to 70°, the starch is gelati- 
nized and it may be eaten as a salad or breakfast food. Three 
guinea pigs were fed exclusively with wheat and rye sprouted until 
the acrospire projected } inch beyond the grain and placed in 
water of 70° until the starch was gelatinized. Their growth 
curves are the first three beginning at the left in Fig. 6. The 
weight is marked on the ordinate and the divisions on the abscissa 
represent intervals of 30 days. None of these animals showed 
symptoms of scurvy, but two of them died rather early. The 


200 
\ 


4 
100 
Fig. 6. 


fact that one of them lived 34 days and showed no scurvy symptoms 
at autopsy shows that the sprouted wheat and rye contain anti- 
scorbutic substances which are not destroyed by heating to 
70° to gelatinize the starch. Another guinea pig shown in Fig. 
8 was cured of scurvy by a similar diet. 

Since the whole grain cannot be fed to infants, we attempted 
to prepare a juice containing the antiscorbutic substance. Since 
the antiscorbutic substance probably exists in the cells of the 
acrospire or roots, and it 1s difficult to crush these cells, we used 
a special mill for the purpose, shown in Fig. 7. This mill has 
polished steel rollers, 2.25 inches in diameter, and differs from an 
ordinary malt mill in that the rollers are geared to one another 
and there are scrapers to remove the crushed sprouts. A pulley 
wheel, 2 feet in diameter, was fitted to one of the rolls and driven 
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by a belt. Sprouted wheat or rve showed a tendency to slide out 
of the groove between the rolls, but sprouted barley fed well into 
the mill owing to the roughness of the husk. After the sprouted 
barley was crushed between the rolls it was placed in a canvas 
bag In a press capable of exerting a pressure of 5,000 pounds to 
the square inch. It was found, however, that very little juice 
‘ame out of it at full pressure and a new bag had to be used each 
time. By adding water before pressing, less pressure was sufficient 
and the bag lasted longer. 


7. 


Three guinea pigs, whose weight curves are shown in the right 
half of Fig. 6, were fed with the juice of barley with the acrospire 
5 inch bevond the grain and water ad libitum. They almost 
maintained their weight, lived aboat 380 days, and showed no 
signs of scurvy at autopsy. One guinea pig, shown in Tig. 8, was 
eured of scurvy with this juice. This indicates that the juice 
eontains sufficient antiscorbutic substance. It has a grassy taste, 
but probably could be fed to babies without mueh difficulty. 
No doubt the grain could be practically freed from bacteria before 
sprouting (Dugear and Davis). 
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Since very little starch is hydrolyzed during the sprouting and 
most of it remains in the press, an attempt was made to mash the 
green malt so that the carbohvdrate would appear in the extract. 
Barley with sprouts 3 inch long (acrospire extending 3 inch beyond 
*he grain) was crushed by passing it through a clothes wringer with 
rubber rolls, mixed with twice its weight of water, and heated to 
70° to gelatinize the starch. It was allowed to remain in the same 
vessel until the starch iodide reaction disappeared, which required 
about an hour, and then strained and pressed so that the extract 
ran into a glass distilling flask with a side neck. A rubber stopper 
was inserted through which passed a capillary tube extending 
to the bottom of the flask. The flask was placed in a water bath, 
heated to 70°, and suction was applied to the side neck so as to 
evaporate the contents. A fine stream of air bubbles, liberated 
from the end of the eapillary tube, prevented bumping. When the 
malt extract was evaporated to the consistency of a very thick 
syrup, 7.e. the thickest svrup that could easily be removed from 
the flask, it was stored in glass jars untilused. A slight amount 
of oxidase remained in the extract and caused a very slow darken- 
ing of the surface exposed to air. Fernentation was prevented 
by the evaporation, but mould would grow very slowly on the 
surface if planted there. Some of this extract has been kept for 
5 months in good condition. — 

The weight curves of the guinea pigs fed on this malt extract are 
shown in Fig. 8. The body weight is marked on the ordinate, and 
the divisions on the abscissa represent intervals of 25 days. The 
guinea pigs were divided into six pairs which were fed on increasing 
quantities of extract from left to nght, O, 5, 10, 15, 20, and 25 em. 
per guinea pig per day mixed with a dough or mush. The mush 
for one guinea pig consisted of 12 gm. of Graham flour, 12 gm. of 
rolled oats, 12 e¢. of evaporated milk, and L ce. of a salt solution 
containing 25 per cent NaCland 6 per cent CaCl, together with 
the designated quantity of extract. The mixture was a mush 
only with the larger quantity of extract, and a stiff dough with the 
smaller quantities. Water was given ad libitum as in all the above 
experiments. All the animals lost weight finally, although thev 
ate greedily until they all showed svmptoms of scurvy “(tender 
swollen joints, falling hair, and loose molars) at about the 15th 
day, after which they ate less. The larger guinea pig of the fourth 
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pair showed marked scurvy on the 16th day and was transferred 
to a diet of sprouted wheat and rye heated to 70°, as shown by the 
broken line continuation of his curve in Fig. 8. He gained con- 
siderably in weight, and the scurvy symptoms rapidly disappeared 
so that none was found at the autopsy on the 26th day. This 
indicates that the process of heating to 70° to gelatinize the starch 
does not destroy the antiscorbutic substance. The reason all the 
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animals developed scurvy may lie in the possibility that the 
sprouts were not sufficiently crushed and the antiscorbutie sub- 
stance was never extracted from them. The smaller guinea pig 
of the sixth pair developed marked scurvy with swollen wrists 
(which when touched provoked a squeal), loose molars, and bloody 
diarrhea. About the 20th day he could scarcely move about his 
‘age and was changed to a diet of raw Juice of sprouted barley 
crushed between steel rolls, as shown by the broken line continuing 
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his curve in Fig. 8. He gained rapidly in weight and lost all 
scurvy symptoms but finally began to lose and died on the 60th 
day showing no signs of scurvy on autopsy. 

With the exception of the two animals cured of scurvy, the 
diagnosis of scurvy in all of the twelve was confirmed on autopsy. 
The first pair, receiving no malt extract, lost weight but little more 
rapidly than the average of those fed extract. Since Fiirst has 
shown that commercial malt extract is deficient in antiscorbutic 
substance, and the same is true of beer according to Smith, it seems 
probable that the only way to get the antiscorbutic substance into 
the extract is to crush the green malt between rolls that thoroughly 
break up the cells of the acrospire. It is also desirable to sprout 
the grain to a more advanced stage than is done merely for the 
development of diastase. 

At autopsy some guinea pigs showed impacted cecums, but 
this was only in case the animal died of scurvy and never if it 
was killed when the scurvy symptoms first appeared. We 
assume that the impacted cecum, as observed by McCollum and 
Pitz, is due to the fact that the guinea pig drinks little water 
during the last day or so of its life.’ 


CONCLUSIONS. 


Acidosis has nothing to do with seurvy. 

Sprouted cereal grains, especially after the acrospire projects 
* inch beyond the grain, are rich in antiscorbutie substance (in 
this we merely extend the work of First, and Cohen and Mendel). 

The antiscorbutic substance in sprouted grain is not destroyed 
by heating to 70° to gelatinize the starch. 

The antiscorbutic substance may be extracted from sprouted 
harley after crushing it between steel rolls that are so close together 
that the cells of the acrospire are crushed. In order to make the 
green malt feed between the rolls they must be geared to one 
another so as to turn at the same rate. 


‘The keeper of the stock rabbits said he fed one rabbit in a separate 
cage exclusively on oats for 9 months. One of us at autopsy of this rabbit 
found no marked gross lesions except a fragility of the bones. One rib 
had broken spontaneously. Rabbits are much more resistant to seurvy 
than are guinea pigs. 
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TOXICITY OF PHENYLACETIC ACID. 
By CARL P. SHERWIN anp K. SELLERS KENNARD. 


(From the Laboratory of Fordham University Medical School, New York 
City.) 


(Received for publication, Oetober 7, 1919.) 


The retention of protein material in the intestine and its sub- 
sequent putrefaction leads to the formation and absorption of 
many protein decomposition products which are more or less 
harmful to the organism. 

Phenylalanine on putrefaction vields three different aromatic 
acids; phenylpropionic acid, phenylacetic acid, and benzoic acid, 
while tyrosine undergoes analogous decomposition. 

However, if phenylpropionie acid (1) is introduced into the 
gastrointestinal tract and absorbed, no phenylacetic acid is 
formed but it is subjected to the process of 8-oxidation, loses two 
C atoms, and is changed directly into benzoie acid. 

The benzoic acid combines with glycocoll and is excreted in 
the urine as hippuric acid. p-Hydroxyphenyl propionic acid (1) 
in a like manner is oxidized to p-hydroxybenzoic acid and is 
excreted as p-hydroxvhippuric acid. Phenylacetic acid resists 
oxidation and remains to be altered by combination with other 
compounds. 

Salkowski (2) considered the acid relatively non-toxic and 
believed that it existed even in normal human urine as the free 
acid. This was perhaps because he had found only the combined 
acid in the urine of animals, such as dogs (2, 3), rabbits, and horses 
and was unable to isolate either the free or combined acid from 
human urine. 

Huppert (4) fed phenylacetice acid to patients suffering from 
alkaptonuria and proved that the acid aided no way in the 
formation of homogentisic acid but was unable to find even a 
trace of the acid after feeding the patient a 10 gm. dose. 

Hotter (5), who ingested the acid himself, could find neither 
the combined or uneombined acid in his urine, so concluded 
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that it was oxidized to benzoic acid and excreted as hippuric 
acid. Phenylacetic acid is particularly interesting from a physio- 
logical standpoint on account of its different metabolic action in 
the organism of man, animal, and fowl. 

In the human body, the acid is combined with glutamine and 
excreted as phenylacetyl glutamine (6). This is the only case 
so far recorded where the amino-acid glutamine has been used 
by the body for the purpose of detoxicating a poisonous substance. 
Animals fed on phenylacetic acid detoxicate it by joining it with 
glycocoll and excreting it as phenaceturie acid (2). 

After feeding the acid to a hen, Totani (7) isolated a compound 
from the excreta which he terms phenacetornithurie acid. This 
substance is a combination of one molecule of ornithine with two 
molecules of phenylacetic acid. 

Phenylacetie acid, while found in only small amounts in the 
normal human body is one of the most important protein putre- 
faction products and is by no means as non-toxic as was pre- 
viously supposed. 

A hen weighing 2.23 kilos, after receiving 1 gm. of the acid, 
refused to eat. A second dose of 1 gm. 3 days later caused the 
hen to lose weight and develop marked signs of intoxication. 
A dog weighing 32.6 kilos was able to take 3 gm. of the acid 
with no apparent signs of discomfort; however, after receiving a 
dose of 7 gm. of the acid it became very thirsty, refused to eat, 
seemed to be greatly nauseated, and vomited several times. 

A monkey of 4.2 kilos body weight, which received a dose of 1 
gm. and refused to eat for several days, also developed a marked 
diarrhea. ‘Twelve adult humans (male) after ingesting 5 gm. 
‘ach of the acid showed in every case practically the same symp- 
toms. The sodium salt of the acid was dissolved in 200 to 300 
ec. of water and rapidly drunk. In 15 to 380 minutes after the 
ingestion of the acid, the subject became thirsty and this symp- 
tom was rapidly followed by a feeling of hunger. If food was 
ingested, symptoms of nausea developed; in case no food was 
taken, a feeling of dizziness resulted, followed either by drowsi- 
ness or increased nervousness. One subject weighing 59.1 kilos 
ingested as much as 16 gm. of the acid within a period of 2 hours. 
Within a few minutes, the usual sensation of dizziness and 
hunger developed, so the subject partook of an unusually heavy 
meal and went to bed. 
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| hour after ingesting the last of the acid, he was unable even 
to stand unsupported. After sleeping soundly for 6 hours, he 
awoke and drank 1 liter of water, immediately fell asleep, and 
again slept soundly for nearly 8 hours. On waking he demanded 
water and drank more than 13 liters. He complained of nausea, 
headache, pain in the eyes, and of loud ringing in the ears. He 
was able to sit alone but seemed unable to stand unsupported 
or to correlate his movements.” After another 4 hours of sleep, 
he appeared quite refreshed and normal in every way. In this 
ease there was no sign of diarrhea but on the contrary he pre- 
sented an obstinate case of constipation, which lasted for about 38 
weeks, 

Iho many respects the svmptoms of poisoning by this acid 
resemble those of aleoholic poisoning. 


EXPERIMENTAL. 


In order to determine the toxicity of the acid, we decided to 
feed a small dog increasing doses of the substance and to deter- 
mine if possible the minimum dose which would cause death and 
to study as carefully as possible any pathological changes produced 
by the aeid, 

A small dog of 7.5 kilos body weight was selected and placed in 
a metabolism cage for observation. The acid was fed to the 
dog as a water solution of the sodium salt by means of a stomach 
tube. On the Ist day of the experiment, he received 1 gm. of 
the acid. On each sueceeding day, the dose of the acid was 
increased by L gm. 

During the first 24 hours of the experiment following the 1 
gin. dose of the acid, the dog showed no signs of discomfort but 
nate as usual and showed no signs of abnormal thirst. On the 
2nd day after receiving the 2 gm. of the acid, the dog showed 
an abnormal appetite and drank often but only a small amount 
of water each time. On the 3rd day, he showed signs of drowsi- 
ness, but ate as mueh as usual and drank a large amount 
of water. On the 4th dav, the dog refused to eat, spent most 
of the time in sleep, and seemed scarcely able to stand when 
removed from the eage. He was unable to walk and weighed 
at this time only 6.35 kilos. On the 6th day he still refused 


to ent and seemed to be in a semicomatose condition, 
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Up to this time there had been no signs of albumin in the 
urine but at this point a sufficient quantity was present to give 
a decided reaction. On the 7th day of the experiment, the 
dog appeared very weak and after receiving 7 gm. of the acid, 
underwent a series of convulsions during which time he vomited 
most of the acid. As much of this acid as possible was reclaimed 
and weighed. The total amount vomited was approximately 
5.5 gm. so the dog received in fact only about 1.5 gm. of the 
phenylacetie acid on the 7th day. 

For about 25 hours after receiving this last dose of the acid, 
he appeared quite lifeless, then suddenly underwent a second 
series of convulsions, which ended in death. 


Aulops,.--Performed about 6 hours after death. Male dog weighing 
6.50 kilos. Cross examination of the organs presented no morphological 
lesions with the exception that the kidneys on section were congested and 
somewhat swollen, the cortex being pale; medulla congested, capsule 
noneadherent. Portions of liver, kidney, spleen, stomach, and alimentary 
‘anal were taken for microscopic examination, ‘The specimens were fixed 
in Orth’s fiuid and mounted in paraffin, Sections were cut 6 microns in 
thickness and examined with 4's oil immersion, ocular 10, 

Microscopic Examination.—TVhe tunica fibrosa of the kidney does not 
appear to be thickened and the nuclear elements show no deficieney in 
<tuining qualities. The eapillaries in the cortex cortieis are engorged and 
the cellular elements within them appear disintegrated. While there is a 
general engorgement of the blood vessels, of the cortical portion of the 
organ, there is no extravasation of blood in the interstitial tissue. 

The epithelium of the proximal convoluted tubules is much swollen 
and granular, so that the lumen of the tubule is in many places completely 
occluded by the approximation of the distal edge of the epithelial cells. 
Some of the tubules contain in their lumen the remains of broken down 
epithelial cells but this is in localities distinet from those in which the 
lumen is occluded and may indicate epithelial areas, which bore the effects 
of a greater toxie action of the drug. Blood elements are not seen within 
the tubules. 

A glistening, hyaline material is foynd in the lumen of many of the 
tubules and in the evtoplasm of many cells the same material is seen, 
The engorgement of the eapillaries between the tubules is marked. The 
degeneration of the epithelium is most marked in the proximal convoluted 
tubules in the neighborhood of the Malphigian corpuscles, becoming less 
marked as the descending loop is approached. 

The arehed collecting tubules are filled with the hyaline material and 
their epithelium, ineluding the nuclei, is in many places destroyed, The 
epithelium: of Bowman’s capsule is likewise destroyed in many of the 
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renal corpuseles and while shrinkage of the glomerulus from the capsule 
is not present in every instance, vet it occurs in many of the corpuscles, 
particularly in those near the boundary zone of the medulla, and in the 
eapsular space an exudate of hyaline and granular material and blood cells 
is present. 

A round cell infiltration of the stroma of the glomerulus occurs and the 
capillaries of the tuft are engorged with blood. 

In the medulla of the kidney, both limbs of Henle’s loop show marked 
destructive changes of their epithelium. This in many places is totally 
disintegrated, so that the lumen of the tubules is filled with a mass of 
eellular remains and misplaced nucle: and a fine reticular mass, staining 
deeply with eosin, is present. Such epithelial cells as are not destroved 
are detached in places from the wall of the tubules. 

The epithelium of the straight collecting tubules does not appear 
affected by the action of the drug. All the cells are in place, the nuclei 
distinet, and the eytoplasm is elear. ‘The nuclear membrane is distinet 
and the lumen of the tubule, for the most part, empty. 

The interstitial tissue was not altered in appearance or amount. 

The mieroscopie examination of the liver shows the cells to contain a 
number of globular refracted spaces, varving in size and In some inst:tnees 
occupying the greater part ef the eell. The staming quality of many of 
the nuelet of the liver cells was markedly deficient. lonfortunately a 
section Was not stained for fat. 

The spleen was negative. 

The stomach and intestines prescnted nothing of note. 


SUMMARY. 


The microscopic findings would seem to indicate that as a 
result’ of excessive doses of phenylacetie acid in the dog, the 
secreting epithelium of the proximal convoluted tube of the 
kidney is markedly affected; that the endothelium of the blood 
vessels is not affected; that the epithelium of the arched collecting 
tubule shows evidence of a destructive action, while that of the 
straight collecting tubule appears to escape. 

The secreting epithelium of the limbs of Henle’s loop is most 
distinctly involved; the fact that the interstitial tissue of the 
kidney is not injured and that the liver changes ts in all probability 
secondary. 
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THE CHEMICAL IDENTIFICATION OF THYROXIN. 
SECOND PArer.* 


By k. KENDALL anp A. OSTERBERG. 
(From the Section of Biochemistry, Mayo Foundation, Rochester, Minn.) 


(Received for publication, September 15, 1919.) 


Thyroxin is a white, highly crystalline substance, odorless, and 
tasteless. It may be separated from aqueous or alcoholic solutions 
in microscopic crystals which are not soluble in any organic solvent, 
except those which are strongly basic or acidic in nature. It is 
soluble in alcohol in the presence of mineral acid or an alkali metal hy- 
droxide. It is stable toward heat, and its melting point is in the 
neighborhood of 250°C. Since it is odorless and colorless and is 
not easily affected by oxidation and reduction, its most important 
chemical and physical properties are concerned with the acidic 
and basie groups within the molecule. Thyroxin is a weak acid, 
but possesses basic properties in the presence of mineral acids. 

In 1915, it was suggested that the organic nucleus in thyroxin 
is indole (1). Its solubility in alkali metal hydroxides, but not 
in carbonates, indicated that 1t was of phenolic nature, and its 
salt-forming power with acids was attributed to an imino group. 
After it was known that thyroxin contained about 60 per cent of 
iodine, and before the empirical and structural formulas were 
determined, the chemical properties of the molecule were best 
expressed by di-iodo-di-hydroxy-indole. 

The first derivative of thyroxin, which helped to give an insight 
into its chemical structure, was the sulfate. Thyroxin which was 
precipitated from alkaline alcohol by acetic acid was found to 
contain 65 per cent of iodine. Thyroxin, precipitated by boiling 
an aqueous ammoniacal solution, also contained 65 per cent of 
iodine. Thyroxin, precipitated by adding sulfuric acid to an 
aqueous alkaline solution and boiling, was found to contain 60 per 
cent of iodine. The difference in iodine content was shown to be 
due to the formation of a salt with sulfuric acid, and by estimating 
the molecular weight of thyroxin from the molecular weight of 


*First paper is published in The Journal of Biological Chemistry, 1919, 
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sulfurie acid, it was found to be 585. With hywdrochlorie acid sub- 


stituted for sulfuric, an iodine content, slightly higher than theo- 
retical, indicated that the hydrochloride was hydrolyzed to some 
extent. Thyroxin in’ free form precipitates as needles, but the 
hydrochloride separates in fiat, rectangular, and star-shaped plates. 
examination of the ervstals of the hydrochloride, whieh contained 
more lodine than theoretical, showed both the free form and the 


hia. 1. The hydrochloride of thyroxin which separates in flat plates, 
rectangular, or star-shaped, 


hydrochloride. Phe sulfate of thyroxin does not hydrolyze with 
water so readily as the hydrochloride (Figs. 1 and 2). 

Ultimate analysis of thyroxin gave the percentages of carbon, 
hydrogen, oxvgen, nitrogen, and iodine, and from these and the 
molecular weight determination of S586 the empirical formula 
was shown to be In constructing the structural 
formula we were guided by the following: 
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1. Aeidic Properties. readily soluble soditm, 
and potassium bwdroxide, and is insoluble im sodium, 
ammonium, and potassium carbonate as ordinarily tested. It is 
soluble in aqueous sodium and potassium carbonate, however, if 
very little carbonate is added and the solution boiled. It is pre- 
cipitated by carbon dioxide from an alkaline solution. “The em- 
pirical formulke and these acidie properties, therefore, suggest the 
presence of one carboxyl group, whieh has very weak acidic prop- 
erties, and a hydroxy group. 


hia. 2. The free form of thyvroxin separated as a sheaf of needles. 


2. Basie Properties.-Vhyroxin forms salts with mineral acids, 
but not with weak organic acids. This, together with the fact 
that thyroxin forms a ureide with evanie acid, is evidence for the 
presence of an imino group. The identification of the indole 
nucleus by the pine-splinter reaction after alkaline fusion was 
evidence that the linino group was present as in indole. Aecept- 
ing the presence of the indole nucleus, there remained three extra 
‘carbon atoms, a earboxyl group, a hydroxy group, three atoms of 
lodine, and three extra hydrogen atoms, whose positions in the 
molecule were to be determined. Since tautomerism is common 
In the indole group, it seemed probable that the position of the 
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hvdroxy group was adjacent to the imino, and that the three 
carbon atoms including the terminal carboxyl were attached to 
No. 3 position! of the indole nucleus. This structural formula, 
approximating that of tryptophane, satisfied all that was known 
concerning the chemical properties of the molecule except the 
position of the three iodine atoms and the three extra hydrogen 
atoms. As no special difference was demonstrable between the 
renetivity of the three atoms of iodine, it seemed most probable 
that they were all attached to the benzene ring, and as three extra 
hydrogen atoms would be required, if the todine was added to, 
and not substituted for, hydrogen on the ring, they also were 
placed on the benzene ring. This formula is a tetra-hvdro deriv- 
ative of indole, the three atoms of todine being substituted for 
three of hydrogen on the reduced benzene ring. 


H AG HH 
| | OH 
He | 
Ne 
C N 
H 
H 
4,5, 6 tri-hydro-4, 5, 6 tri-iodo,-2 oxy,-beta indolepropionic acid, 
1H 
H HH 
| | | H H OH 
C C=O 
| 
| 
H—C—H 
H 


1In this paper the positions in the indole nucleus will be referred to as 
follows: 4 
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In proving the formula the first derivatives were those involving 
the imino group. By the addition of acetic anhydride to a 
slightly alkaline, alcoholic solution of thyroxin, the hydrogen of 
the imino is replaced with acetyl and the acetyl derivative may 
be separated in ervstalline form by the addition of sulfuric acid 
and water and the removal of the aleohol by boiling under 
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Fig. 3. The erystal form of the acetyl derivative of thyroxin. 


diminished pressure. The sulfate of the acetyl of thyroxin is thus 
formed. This is dissolved in a small amount of aleohol and when 
added to boiling water the acetyl of thyroxin separates in pure 
form (Fig. 3). The melting point of the acetyl is slightly lower 
than that of thvroxin, it crystallizes in the form of needles more 
curved and much shorter than those of thyroxin, and although 
thyroxin is insoluble in all organic solvents the acetyl is readily 
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soluble in aleohol, ether, ethyl-acetate, and dilute aqueous am- 
monia and pyridine. Phe close approximation, by analysis, of 
the theoretical percentage of iodine in the acetyl, 60.77, corrobo- 
rates the molecular weight of 585. 

Another derivative of the iniino group which is easily formed is 
the ureide. 


H H 
| | i OH 
I] i 
C. 
H | 
C=O 
| 
N 
Mt 


This is made by the addition of a salt of thvroxin, either the 
sodium or zine salt, to acetic acid to which potassium evanate 
has already been added. Cyanie acid reacts with thyroxin with 
the formation of the ureide. It separates from boiling water in 
eurved needle form and has very closely the same solubilities as 
the acetyl (hig. 4). Analysis of the ureide shows the per- 
eentage of todine to agree with the theoretical, 60.67. This is 
a third confirmation of the molecular weight 585. 0 Although 
thyroxin forms a stable salt with sulfurie acid which is not hydro- 
Ivzed by boiling in dilute sulfurie acid, the addition of the acetyv] 
or ureide groups to the imino increases the acidie properties of 
the mmino, and these derivatives do not form stable salts with 
sulfuric acid except at low temperatures. Boiling the sulfate in 
dilute sulfuric aeid causes a complete hydrolysis and separation 
of the acetyl or ureide in free form. The presence of the imino 
group in thyroxin is established by identification of the indole 
nucleus, the formation of the acetyl and ureide derivatives, and 
by the power to form salts with mineral acids. 

The evidence for the carboxyl and hydroxy groups is as follows: 
Thyroxin is extremely insoluble in aqueous solutions of all acids, 
including carbonic. It is very easily soluble in soditum potassium 
and ammonium hydroxide, but the weakness of the acidic groups 
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on the molecule is shown by the fact that boiling water alone causes 
a complete hydrolysis of the ammonium salt and free thyroxin 
may be preetpitated in ervstalline form by boiling an aqueous or 
alcoholic solution of its ammonium salt. Dilute solutions of so- 
dium and potassium carbonate will dissolve only a small amount 
of thyvroxin in the cold, but it is soluble in very dilute solutions of 


hic. 4. The ervstal form of the ureide derivative of thyroxin. 


sodium and potassium carbonate at LOO°C, However, on cooling 
such a solution, a mono-metal salt of thyroxin separates in 
ervstalline form. If an excess of carbonate is present at first, the 
mono-salt of thyroxin is so insoluble in the presence of the excess 
sodium or potassium carbonate that most of the thyroxin being 
tested remains insoluble. The addition of a very slight amount 


of sodium or potassium hydroxide to a solution containing a 
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suspension of thyroxin the presence of sodium or potas- 
sium carbonate immediately carries the thyvroxin into solution. 
These reactions suggest that there are present in thyroxin both 
earboxyl and hydroxy groups. The carboxyl group reaets with 
carbonates but the resulting mono-salt is so slightly soluble that 
the presence of excess carbonate forces the mono-salt out of solution. 
The hydroxy group in the presence of carbonates alone does not 
react, but the addition of hydroxide to such a solution forms a 
metal salt with the hydroxy group, and the di-metal salt is readily 
soluble. 

Still further evidence for this action is found in the barium: salt. 
Barium chloride added to a sodium hydroxide solution of thyroxin 
precipitates thyroxin in needle crystals, usually twined, or in sheaves 
or bundles. — If this is filtered off it is found to be slightly soluble in 
boiling water. On cooling and with the addition of a soluble barium 
salt to the solution, the barium salt of thyvroxin recrystallizes 
quantitatively. If red litmus paper is dipped into a boiling 
aqueous suspension of the barium salt, the solution reacts neutral, 
but wherever the crystals of the barium salt come in contact with 
the paper the color of the indicator is changed to blue, showing that 
hydrolysis of the barium salt has occurred. If sodium hydroxide 
is added to an aqueous suspension of the barium salt of thyroxin 
the barium salt is dissolved and becomes almost as soluble as the 
sodium salt. This behavior is explained by the fact. that the 
second hydroxyl group of barium hydroxide is not sufficiently 
strong to form a soluble salt with the hydroxy group of thyroxin. 
In the presence of boiling water the hydroxy group of thyroxin 
and one hydroxy group of barium exist in free form, barium 
forming a salt only with the carboxyl group in thyroxin. Both 
hydroxy and carboxyl groups are slowly hydrolyzed by prolonged 
boiling of the barium salt in water. 

The difference between the two acid groups is also shown in a 
sodium potassium, or ammonium hydroxide solution of thyroxin. 
If carbon dioxide is bubbled through such a solution so as to 
produce sodium carbonate, but not bicarbonate, the hydroxy 
group is freed from metal and the mono-metal salt of thyroxin 
separates in flat crystals, oval, rectangular, or square. If an 
excess of carbon dioxide is passed through the solution, the car- 
boxy] group also is freed and thyroxin will separate. The sepa- 
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ration of the monosodium salt occurs at the point where the 
hvdroxy group has been freed, but the carboxyl group ts still in 
the form of a salt (Pigs. 5 and 6). 

While endeavoring to separate the metal salts for analysis | 
the monosodium, potassium, and ammonium salts of thyroxin 
were prepared by dissolving thyroxin in strong solutions of the 
hydroxides and passing carbon dioxide through these until the 


Fic. 5. The monopotassium salt of thyroxin which separates in small 
flat plates, rectangular, or square. 


mono-metal salt separated. The crystals were filtered on a small 
Buchner funnel, and washed with water. It was found that 
approximately 60 per cent of the amount of thyroxin taken was 
left on the funnel after drying in the supposed form of the mono- 
sodium, potassium, and ammonium salts. It was also found that 
if the salt was washed on the funnel with a 20 per cent solution of 
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sodium or potassium chloride, and not with water, the compound 
did not melt. When, however, the mono-salt was washed with 
water the sodium, potassium, and ammonium salts all had the same 
melting point, 204°. Since the mono-salt of thyroxin does not 
melt and the sodium, potassium, and ammonium salts, washed 
with water, all melt at exactly the same point, it seemed probable 


fs 
hia. 6. The monoammonium salt of thyroxin which separates in long 
blades, 


that the washing with water was sufficient to hydrolyze the very 
weak carboxyl, with the result that freetthyroxin was left on the 
paper, the base being entirely washed away. In order to deter- 
mine this the monoammoniumsalt was prepared as above, filtered, 
and washed with water and then analyzed for aminonta by means 
of Nesslerization. Nesslerization, although-an exceedingly sensi- 
tive test for ammonia, failed to show the,presence of even the 
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faintest trace of ammonia in the supposed monoammonium salt 
of thyroxin. = [t was therefore evident that by washing the mono- 
sodium, smimonium, and potassium salts of thyroxin with 
water the weak carboxyl group can be completely hydrolyzed, 
and since the hydroxy group already was in the free form, the 
molecule existed with both carboxyl and hydroxy groups uncom- 
bined with metal. 


Fie. 7. The disilver salt of thyroxin which separates in large, flat, ree- 
tangular and square plates, often occurring in sheaf form and twined. 


Evidence that a di-metal derivative of thyroxin does form 1s 
furnished by the silver salt. Although a disilver salt containing 
the theoretical amount of iodine has not been prepared, this salt 
has been made with so much silver present that it amounted to 
92 per cent of the theoretical for the addition of two atoms of silver 
to the molecule. The reason why the theoretical disilver salt 
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‘annot be prepared is undoubtedly due to the weakness of the 
hydroxy group (Fig. 7). When the disilver salt, which is highly 
crystalline, is washed in order to remove the excess of silver 
nitrate and ammonia which are used in its formation, the hydroxy 
group hydrolyzes to some extent, and the amount of silver re- 
maining is slightly less than theoretical. 


Fig. 8. The dipotassium salt of thyroxin which separates in flat plates 
with rough, irregular edges. 


Di-basic salts of sodium, ammonitim, and potassium are formed 
by dissolving thyroxin in the respective hydroxides, and adding a 
corresponding salt of the alkali preferably the chloride until the di- 
alkali salt of thyroxin becomes insoluble and precipitates in crystal 
form (Fig. 8). Di-basie salts, which are only slightly soluble, have 
also been prepared with barium, calcium, magnesium, nickel, zine, 
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and copper (Fig. 9). Although all these salts may be made in 
beautifully ervstalline and characteristic form, it is impossible to 
filter and separate them ina high state of purity by washing with 
water. Just as hydrolysis of the hydroxy group caused a lower 
silver content than theoretical with the silver salt, the hydrolysis 
of the hydroxy group with the barium salt shows a lower percentage 


Fig. 9. The zine salt of thyroxin which separates as long, flat blades in 
bundles and rosettes. 


of iodine than theoretical. However, the weight of barium added 
is about twice that required for the mono-metal salt. With the 
less basic properties of calcium, magnesium, zinc, nickel, and 
copper, even greater differences occur between the amount calcu- 
lated for a di-metal salt and the amount found. But in every case 
since the amount of metal present nearly agreed with that required 
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for adi-basie salt, the possibility that these are mono-basie salts 
is excluded, All salts of thyroxin which are insoluble in) water 
such as the silver, copper, zine, nickel, caletum, and magnesium 
are soluble in sodium hydroxide. The solubility is probably due 
to the same reactions that occur with the barium salt. The 
weak basic properties of the metals are insufficient to form: soluble 
di-basic salts, but sodium hydroxide carries the salt into solution 
by adding to the hydroxy group of thyroxin. 

Other evidence for the carboxyl and hydroxy groups is furnished 
by the dimethyl ester. Methyl todide added to alcoholic 
suspension of the silver salt) forms the dimethyl ester. This is 
soluble in aleohol but insoluble in water even in the presence of 
sodium hydroxide. By heating in dilute alcoholic sodium) hy- 
droxide, hydrolysis of the methyl ester of the carboxyl occurs 
and the oxymethyl derivative is obtained. 


Tautomeric Forms of Thyroxin. 


Thyroxin reacts in the presence of alkahes forming dibasic 
salts, but differences between the two acidic groups indieate that 
one is a carboxyl and one a hydroxy group. When thyroxin 
exists in this form, whieh will be enlled the enol, the hydroxy 
group is adjacent to the nitrogen but there is a double-bond 
between the mitrogen and the alpha earbon, and no hydrogen 
Is attached to the nitrogen. 
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In acid solution thyroxin forms derivatives which demonstrate 
the presence of an imino group and exists in its tautomeric form, 
with imino carbonyl groups adjacent. This will be called the keto 
form. When thyroxin was first isolated it was in the keto form 
and although it seemed probable that the hydrogen migrated in 
alkaline solution with a change from carbonyl to hydroxy groups, 
no quantitative data were available for proof of the hypothesis. 
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When the mono-metal salts of sodium, ammonium, and potas- 
sium were prepared by freeing the hydroxy group in alkaline solu- 


tion with carbon dioxide, it was found that by washing with water 
complete hydrolysis of the carboxyl also occurred. When the hy- 
drolysis of the ammonium salt was carried out at 100° both acidic 
groups were not only freed but, in addition, the boiling water caused 


Fig. 10. The erystals of the enol form of thyroxin. 


a change from the enol to the keto form. However, if the mono- 
metal salts are hydrolyzed with cold water the enol form is re- 
tained. There are many differences in the chemical properties of 
the enol and keto forms, but the most striking difference is | in 
the melting point. The melting point of the enol form is 204°, 
that of the keto, 250°. 

When the enol form of thyvroxin was prepared by cold hydrolysis 
of its ammonium salt, it still retained the ervstal form of this salt, 


THE JOURNAL OF BIVLOGICAL CHEMISPRY, VOL. XL, NO 2 


| | 
“ 
| 
| 
f 
yr 
: } 
?* y é Me 4. 
* 
ty 


Pe: 4 
& 
4 
a 
fe 
id 
4 
it 
4 
% 
> 
“3 
‘ 
% 


~ 


280 The Chemical Identification of Thyroxin 


but by dissolving the crystals in pyridine and adding water the 
enol form separated in its own characteristic erystal form (Fig. 
10). The enol form of thyroxin separates in needle erystals which 
are much shorter than those of the keto form and always occur in 
rosettes or sheat-like bundles. Crystallization does not alter the 


melting point. 


Fic. 11. The simultaneous erystallization of both enol and keto forms 


of thvroxin from an aqueous pyridine solution, 


The keto form of thyroxin is by far the more stable and, unless 
precautions are observed, the enol form readily passes over into 
the keto. The most important factors influencing the change 
from enol to keto form are the presence of water and the hydrogen 
ion concentration. By adding water to a pyridine solution of the 
enol form, conditions may be produced in which both enol and keto 
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at room temperature, the enol form slowly changes over to the 
keto and the keto form alone separates. Since the chief chemical 
properties of thyroxin are due to its basie and acidic groups, a 
brief summary of solubilities and reactions of the two tautomeric 
forms is of interest. 

The enol form of thyroxin is much more soluble than the keto, 
and the solubility may be used as a test of the form in which 
thvroxin is present. For example, the keto form is insoluble in 
all organic solvents, such as all alcohols, ether, chloroform, ethyl] 
acetate, acetone, carbon disulfide, quinoline, pyridine, anhydrous 
or aqueous, and aniline. The enol form is readily soluble in 
anhvdrous or aqueous pyridine. Therefore, pyridine alone is not 
sufficiently basic to change the keto into the enol form, but when 
this change has been produced pyridine readily dissolves thyroxin. 
Since ammonium hydroxide in water, alcohol, or pyridine will 
change the keto form to the enol, but pyridine cannot produce 
this change, the hydroxy] ion concentration necessary for the con- 
version from one tautomeric form to the other les between the 
basicity of dilute ammonium hydroxide and that of pyridine. 
Since the enol changes to the keto in a boiling aqueous pyridine 
solution, the acidity necessary for the tautomeric change in this 
direction lies between the narrow limits of the hydrogen ion con- 
centration of a cold and a boiling aqueous solution of pyridine. 
The limits for the change in tautomeric form are at the same time 
the limits of solubility for thvroxin in alkaline solution.  Thyroxin 
ix soluble in enol form, in pyridine and quinoline, but any higher 
concentration of hydrogen ion causes the change to the keto form 
and limits the selubilitv of thyroxin in alkalies. Thyroxin in the 
keto form rematns insoluble in all organic solvents with hydrogen 
ion concentrations equal to or less than that of glacial acetic acid. 
It is soluble in formie acid, but the subsequent addition of water 
‘auses thvroxin to separate again. Although acetie acid will not 
make thvroxin soluble in alcohol the addition of a mineral acid 
renders thyroxin readily soluble in alcohol. Solubility under these 
conditions is evidence for the formation of salts with the imino 
group. 

The acid and basic properties of thvroxin therefore le between 
these two limits: (1) The formation of salts with acids through 
the imino group of the keto form with formic acid, but not acetic; 
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and (2) the formation of salts with alkalies through both the 
earboxyl and hydroxy groups with dilute ammonia, but not with 
pyridine. Lying between these two limits are the formation of 
mono-metal salts through the carboxyl alone in the presence of 
‘arbonates but not bicarbonates, and finally the complete precipi- 
tation of thyroxin from the alkali metal salts by carbonic acid or 
by hydrolysis with water in a boiling ammoniaeal solution. The 
mono-metal salts of thyvroxin are but slightly soluble in water but 
are easily soluble in alcohol. The solubility in alcohol is due to 
the fact that although only the carboxyl group is combined with 
metal, the molecule is in the enol and not the keto form. 

The imino group of thyvroxin reacts with all acids stronger than 
and including formic acid, but no acid salt of thvroxin is appre- 
ciibly soluble in water, and even the sulfate which is the most 
soluble is only very slightly so. The great insolubility of the keto 
form of thyroxin is one of the most Important factors permitting 
the isolation of the compound. The insolubility of thyroxin is 
also of Importance in a consideration of its chemical properties. 
As soon as the proper conditions exist in any solution for the for- 
mation of the keto form of thyroxin, the reactive groups are thrown 
almost completely out of the sphere of reaction by the insolubility 
of the compound. 

The keto form of thyroxin is soluble in organic solvents only 
when some acid is present which is capable of forming an acid 
salt with the imino group.  Thyroxin may be conveniently purified 
by dissolving either in alkaline aleohol with the addition of acetic 
acid, or by dissolving in acid alcohol with the addition of sodium 
acetate. In the presence of acetic acid the imino group does not 
form a salt and thvyroxin precipitates in needle form. 


Open-Ring Form of Thyroxin. 


Since thyroxin in keto form is insoluble in bases weaker than 
ammonium hydroxide and is insoluble in alcohol in the presence 
of acids weaker than formic, there is a wide range of hydrogen ion 
concentration in which pure thyroxin is insoluble. These limits 
of solubility, however, apply only to pure thyroxin in aqueous 
and alcoholic solutions. In the presence of certain substances, 
changes in the acid and basic groups occur and the solubilities of 
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thyvroxin are materially altered and extended. In the presence 
of the products resulting from alkaline hydrolysis of the thyroid 
proteins the solubility of thyroxin is so greatly altered that it 1s 
completely soluble in carbonie acid, and even acetic acid produces 
an incomplete precipitation. Hydrochloric and sulfuric acids 
precipitate thvroxin under these conditions, but in excess they 
redissolve a considerable percentage of the total amount present. 
The increased solubility acids indicates an inerease the 
strength of the basic groups of the thyroxin molecule. Although 
pure thyvroxin is practically insoluble pyridine, sodium. car- 
hbonate, barium hydroxide, and alcohol, partially purified thyroxin 
is readily soluble in the presence of all these reagents. The 
increased solubility in weak alkalies indieates an increase in the 
strength of the acidic groups in the thyroxin molecule. These 
changes in the chemical properties of thyroxin are most marked 
during the early stages of purification while there is a large per- 
centage of impurities present, but that the alteration is due entirely 
to the impurities is disproved by the fact that both increased 
acidic and basic properties persist even after the removal of all 
but a trace of the impurities. Furthermore, the addition of 
certain substances to a solution of pure thyvroxin brings about a 
similar inerease in both basie and acidic properties. The solubility 
of partially purified thyroxin in weak alkahes is in such = striking 
contrast to the solubility of pure thyroxin that it cannot be ex- 
plained except by a change in the structure of the molecule other 
than the two tautomeric forms deseribed above. The exact 
nature of this change was suggested by a study of the acetyl. 

In all derivatives of thyroxin involving the hydrogen of the 
lmino group, it is impossible to make the enol form, as the hydroxy 
group cannot exist. Because of the absence of the hydroxy group 
these derivatives should form mono-basie salts through the carboxyl 
group alone, they should be more insoluble in alkalies, and should 
form insoluble barium and silver salts. Since acid salts of the 
imino are soluble in alcohol, acetic acid, and ethyl acetate, it 
seemed probable that derivatives attached to the imino would 
also make the molecule soluble in these reagents. After the acetyl 
and ureide were prepared in pure form they were found to be easily 
soluble in alcohol, acetic acid, and ethyl acetate, but instead of 
being less soluble in alkalies, the acetvl was more soluble and could 
be held in solution with as weak a base as pyridine alone. 
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The acetyl was not only more soluble in weak organic bases but 
it also formed a silver salt which was completely soluble in dilute 
ammonium hydroxide. The silver salt of thyroxin will separate 
from strong ammonium hydroxide, but the silver salt of the acetyl 
is so soluble that it is impossible to prepare it in the presence 
of ammonia. By dissolving the acetyl in pyridine, however, the 
addition of silver nitrate produces a voluminous precipitate which 
may be washed, dried, and analyzed. When this was done it 
was found that the acetvl had formed a di-basie salt) with silver. 
The formation of adi-basie salt by the acetyl indicated the presence 
Within the molecule of another acidic group other than the terminal 
earboxvl. The simplest change by which a carboxyl group could 
be formed would be by introduction of a molecule of water between 
the imino and carbonyl groups, changing the imino carbony] 


groups to amino carboxyl groups, and in the case of the acetyl 


the amino group is combined with one acetyl radical. 


-C—C— 
HH OH 
H Hl 


The presence of the acetyl radical in place of the imino hydrogen 
prevents the tautomeric change to the enol form, but im place of 
this, the ring opens even in the presence of weak organic bases. 
The acetyl attached to the amino group, however, does not pre- 
vent the closure of the ring, and if an alkaline solution of the 
acetvl, which is present in the open-ring form, is added to a dilute 
mineral aeid at LOO°, the ring closes and the acetyl separates in 
crystalline form. In addition to the disilver salt of the acetyl, the 
zine salt has been made, and di-basie sodium, ammonium, and 
potassium salts of the open-ring form of the acetyl may be pre- 
pared by dissolving in the respective hydroxides and adding a 
corresponding salt, the chloride or acetate, until the salt of the 
acetyl becomes insoluble (Figs. 12 to 15). If sodium: hydroxide 
and sodium acetate are used, very large, flat,'jagged plates result; 
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with sodium hydroxide and sodium chloride short needle erystals 
are formed. 

Barium and calcium salts of the acetyl can also be formed by 
the addition of barium or caleitum chloride to a solution of the 
acetyl in dilute sodium hydroxide or pyridine. An excess of 
pyridine dissolves the salt. 


Fig. 12. The disodium salt of the acetyl derivative separated from a 
sodium chloride solution. 


After the physical and chemical properties of the acetyl deriv- 
ative had been established, it was found that a most striking 
resemblance existed between partially purified thvroxin and the 
acetyl. The acetyl differs from thyroxin in having wider limits 
of solubilitv in weak bases, and the greatest difference between 
partially purified and pure thyroxin is the solubility of the former 
in weaker alkalies as sodium carbonate, barium hydroxide, pyridine, 
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and in aleohol. These reactions suggested that in partially 
purified thyroxin the structure of the molecule is similar to that 
of the acetyl. But the possibility that an acid radical was attached 
to the imino group, as in the acetyl, could be excluded by the fact 
that the thyroxin could be separated in keto form. The inerease in 
both acidic and basie properties, its close resemblance in chemical 


hic. 13. The disodium salt of the acetyl derivative separated from a 


sodium acetate solution. 


reactions to the acetyl, and the fact that it could be separated 
in the keto form suggest that in partially purified thyroxin the 
molecule is present neither in the keto nor enol forms, but that the 
pyrrole ring exists in open form, the elements of water entering 
between the carbonyl and imino groups. 

This structure of the molecule of thyroxin will be called the 


open-ring form. The open-ring form of indole derivatives con- 
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taining an alpha carbonyl group is of common occurrence, but 
thyroxin is perhaps unique in the great ease with which the ring 
opens and the great difficulty with which the ring closes in the 
presence of certain substances, 

Although the open-ring structure of thyroxin was first suggested 
by a study of the acetyl, further investigation has amply confirmed 
this hypothesis, and brought to light the delicately balanced 


Fic. 14. The dipotassium salt of the acetyl derivative. 


reactions, which, im all probability, are involved when the sub- 
stance functions physiologically. These reactions are concerned 
with the opening and closing of the ring and the formation of 
salts with acids by the amino and imino groups. When sulfuric 
acid is added to a slightly alkaline alcoholic solution of thyroxin 
and the alcohol is distilled, the sulfate of thyroxin separates, 
the sulfate radical being attached to the imino group. However, 
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if sulfuric acid is added to an alkaline aqueous solution of thyroxin, 
the resulting precipitate is not the imino sulfate of thyroxin. 
Analysis of this precipitate for its 1odine content showed that 
thvroxin had not precipitated in free form but contained one 
equivalent of acid. Further investigation showed that thyroxin 
precipitates with one equivalent of acid, not only with’ sulfuric 


biG. 15. The dipotassium salt of the ureide of thyroxin which separates 
ina manner similar to the dipotassium salt of the acetyl derivative. 


but with weak organic acids and that even carbonic acid adds to 
thyroxin when carbon dioxide is passed through an alkaline solu- 
tion. The sulfate, chloride, phosphate, trichloracetate, oxalate, 
formate, acetate, and carbonate of thyroxin have been prepared. 
All these salts are soluble in alcohol and have melting points 
which are strangely similar, all of them melting at about 204°. 
Although the imino group of thyroxin in keto form is so feebly 
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basic that in hot dilute hydrochloric solution the acid radieal is 
hydrolyzed and the imino group exists in free form, when the 
enol form of thyroxin is precipitated by an acid, an equivalent 
of acid is contained in the precipitate attached to thyroxin. 
If any of these salts, prepared by acidifving an alkaline so- 
lution of thyroxin, are removed from solution, suspended in 
distilled water, and boiled, a change occurs, and thvroxin 


Fig. 16. Crystals of thyvroxin in the amino carboxyl form. 


precipitates in long, bundle blades. These blades differ from the 
keto form of thyvroxin in being soluble in aleohol and having a 
melting point of 225°. If instead of suspending the acid salts in 
distilled water, they are added to a dilute solution of hydrochloric 
or sulfurie acid and are then boiled, the keto form of thyroxin 
separates. These reactions are interpreted as follows: 

When an acid is added to the enol form cf thvroxin, the nitrogen 
becomes pentad and the acid radieal adds to the nitrogen. In 
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and the 


aqueous solution the pyrrole ring is no longer stable 
and the 


elements of water add between the pentad nitrogen 
‘carbonyl group forming a carboxyl group and an acid salt of the 


amino group. 


C 
| SOH 
| 
I 
ACH o 
H oO 
R 


In cold water solution this reaction occurs not only with sulfurie 
and. strong organic acids, such as trichloracetic and oxalie but 
even carbonic acid is capable of adding to the amino group. 
When the amino salt is suspended in distilled water and boiled, 
the amino group is hydrolyzed free from the acid, and the car- 
boxyl group which is adjacent to the amino group forms a 
salt with the amino group. The compound then exists in an 
amino carboxyl salt form, the acid used in precipitating thyroxin 
having been expelled from the amino group by hydrolysis with 


water. 


pH 

| | H H OH 


This form of thyroxin differs from both the keto and enol forms 
in having the addition of the elements of water. It has a 
melting point of 225° and is soluble in alcohol (Fig. 16). It is 
converted into the keto form very easily, merely solution in alcohol 
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is sufficient to expel the water, and the keto form of thyroxin 
then separates. It is impossible to separate the amino carboxy! 
salt form of thyroxin from solutions containing a high percentage 
of alcohol. Further investigation showed that this is also true 
of pyridine and other orgamic solvents. It is necessary to have 
water present in order to force the opening of the pyrrole ring. 

If any acid salt of the amino group of the open-ring form. of 
thvroxin is suspended in distilled water and boiled, the carboxyl 


hia. 17. Crystals of the amino carbonate of thyroxin. 


group in thvroxin, which is adjacent to the amino, will displace 
the acid radical attached to the amino, and the amino carboxvl 
salt form of thvroxin results. If the acid radical which is added 
to the amino is sufficiently strong and an excess of the acid is 
present, the ring does not remain open, but the elements of water 
are expelled and the strong acid radical is either hydrolyzed from 
the imino group or remains attached as an acid salt of the imino 
group. The closing of the ring of an amino-acid salt is influenced 
by many factors, such as the amount of acid present, the strength 
of the acid, and the presence of organic solvents, such as pyridine 
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or alcohol. Strong acids promptly close the ring, forming imino 
salts; weak acids are expelled from the amino, and the molecule 
exists in the amino earboxyvl form. The presence of organic 
solvents such as alcohol results in the closing of the ring and the 
formation of imino salts with strong acids, or the displacement of 
the acid with the separation of thyroxin in keto form. If an 


Pia. IS. A mixture of the crystals of the amino formate changing into 
the amino carboxyl salt form of thyroxin. The long needles are the amino 
carboxyl crystals. 


amino-acid salt of the open-ring form is washed free from all acid, 
suspended in neutral water, and boiled, the acid is promptly 
hydrolyzed from the amino group and the amino carboxyl salt 
form results, but in the absence of exeess acid in solution this 
form of thyroxin is unstable at LOO°CC., water is rapidly expelled 
from the ring, and the keto form of thyroxin separates in very 
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fine, thread-like crystals. Under proper conditions all three forms 
may be present at the same time (Figs. 17 to 19). 

Since acids added to the enol form of thyroxin in aqueous 
solution cause an opening of the ring, the question arose as to 
whether the opening of the pyrrole ring is the primary action, or 
whether it is secondary to the existence of the nitrogen in the 
pentad form. That the opening of the ring occurs without passing 


Pia. 19. A mixture of amino earboxyvl crystals changing into the keto 
form of thyvroxin. The long needles are crystals of the amino carboxyl 
form of thyroxin. 


through the enol form is shown by the formation of the amino 
sulfate directly from the imino sulfate (Figs. 20 and 21). When 
the imino sulfate is present ina small amount of aleohol and water 
is added, the ring opens and the amino sulfate separates even 
though the molecule had existed in the keto form. The forma- 
tion of amino salts from imino salts shows that the ring opens 
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readily when the nitrogen is in the pentad state, but that the 
opening of the ring also occurs directly from the enol form in a 
solution slightly alkaline may also be shown. When the disodium 
salt of thyroxin is dissolved in cold water and ammonium chloride 
is added to the solution, the sodium is hydrolyzed from hydroxy 
and carboxyl groups, resulting in the precipitation of thyroxin 
in the enol form. Tf this suspension of the enol form is now boiled 


hig. 20. The imino sulfate of thyroxin separated from a hot solution. 


the erystal form changes into the typical amino carboxyl salt 
form, the melting point of which is 225°.) The crystals are also 
readily soluble in alcohol which excludes the possibility of their 
being in the keto form. A more direct evidence of the existence 
of thyroxin in open-ring form is obtained by dissolving the di- 
sodium salt in hot water and adding aramonium chloride to this hot 
solution. Instead of thyroxin separating in the enol form, it 
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separates directly as the amino carboxyl salt form. The most 
important factor in this reaction is the presence of excess alkali. 
If much alkali is present, the molecule exists in the enol form and 
addition of ammonium chloride will cause a separation of the 
monoammonium salt. 

From these results it would appear that in acid aleohol solutions 
thvroxin exists in the keto form. In the presence of excess alkali 


Fig. 21. The amino sulfate of thyroxin formed from the imino sulfate 
ot thyroxin by the addition of water to an aleoholic solution of imino 
sulfate. 


in aqueous solution thyroxin exists in the enol form, but as the 
neutral point is reached from either direction there is a tendeney 
for the ring to open. Ina hot neutral solution the ring does open. 
In a cold neutral solution even carbomie acid will open the ring 
and add to the amino group. 
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The Amino Hydrate Form of Thyroxin. 


The pyrrole ring of thyroxin not only has a tendeney to take 
up water between the imino and carbonyl groups and exist in 
amino carboxyl form, but the amino group is so strongly basic 
that ina shehtly alkaline solution the elements of water will add 
to the nitrogen forming the amino hydrate. 


0-7 
Ho. C 
| \nF 
HO 


This form of thyroxin is tautomeric with the amino carboxyl form. 
It is very readily prepared by heating an alkaline solution of 
thyroxin, removing the solution from the flame, and adding 10 
per cent ammonium chloride. The solution becomes turbid, and 
fine branching crystals separate (Fig. 22). The melting point 
of this form of thyvroxin is 216°. If these erystals are suspended 
in distilled water containing a small amount of formie acid) and 
the solution is boiled, the erystals are changed into their tauto- 
meric amino carboxyl form, whose melting point is 225° (Figs. 
23 and 24). 

One form of thyroxin changes into another so casily that enol 
and keto forms will ervstallize simultaneously out of the same 
solution, and amino-acid salt, amino carboxvl salt, and keto forms 
mavoaull be present at the same time, one form changing into 
another as the boiling of the solution is continued. The ready 
change of thyroxin from one form to another is explained by the 
erent ense with which the pyrrole ring opens and the elements of 
water are added to the molecule. This reaction does not occur 
with indole or isatin and was not at first easily explained in the 
case of thyvroxin. While engaged in the preparation of the inter- 
mediate products for the svnthesis of thyroxin, our attention was 
drawn to the facet that the explanation or the peculiar properties 
of the imino group in the pyrrole ring of thyroxin is the presence 
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of the hydro groups in the benzene ring. Analine ts a feeble base 
and the imino group in indole ts still more feebly basie.  Hexa- 
hvdro-analine has such a strongly basie amino group that it will 
combine with carbon dioxide from the air, and it has a very caustic 
action on the skin. It is the addition, therefore, of four hydro 
groups to the molecule that so modifies the nucleus giving basic 


Fic. 22. The crystals of the amino hydrate form of thyroxin. 


properties to the imino group of the pyrrole ring of thyroxin. 
Speculation as to the properties of the compound in which the 
three jodines are replaced by three hydrogens may be deferred 
until the substance is prepared synthetically, but that the imino 
group of the pyrrole ring will be still more basic in this compound 
would naturally follow from the general law that addition of 
halogen to the benzene ring renders the ring more acidie. The 
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position and reason for the three extra hydrogens in thyroxin were 
unknown and were very puzzling until the reactions of the com- 
pound involving the amino and imino groups caused the neces- 
sitv of explaining this action by some modification of the indole 
nucleus. Since the introduction of the six hydro groups in analine 
greatly increases the basicity of the amino group, the addition of 
four hydro groups to the indole nucleus of thyroxin is an adequate 


hig. 23. N mixture of enol and keto forms of thyroxin erystallizing 
simultaneously from the same solution. 


explanation of the inereased basicity of its amino group. The 
instability of the pyrrole ring of thyvroxin in contrast to that of 
Indole, and other unreduced derivatives of pyrrole is due to the 
increased basic properties of the nitrogen in thyroxin. This point 
is well illustrated in the stability of the amino carboxyl form. In 
neutral solution the nitrogen tends to become triad, the pyrrole 
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ring is more stable than the amino carboxyl salt, and thvroxin 
separates In keto form. Tf a slight amount of acid is present, the 
nitrogen remains in the pentad state and the amino carboxvl 
form is so stable that it is impossible to expel water from the 
molecule and make the keto form. The difference in the basicity 
of the mitrogen when changing from the open- to the closed-ring 
forms is probably involved) when thyroxin functions  physio- 


hia. 24. A mixture of the erystals of the amino carboxyl form changing 
into the keto form. The small rosettes are erystals of thyroxin in the 


keto form. 


logically. But the unique chemical properties of thyroxin are 
also due in large measure to the carbonyl group adjacent to the 
imino, and the reactivity of the substance 7m verre and in vitro is 
due to the presence of this oxy group in the indole nucleus. — It 
was for this reason that the compound was named thyr-oxv-indole 


or thvronxin. 
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After it was found that thyroxin forms amino salts with feeble 
enrboxyl groups, it was of especial interest to form the amino 
salt of thyroxin with glycine. Reserving a study of the reaction 
between thyroxin and the amino-acids for a further communi- 
cation, merely the formation of an amino-acid salt between thy- 
roxin and glveme will be reported in this paper. 

Since added to the enol form of thyroxin results the 
formation Of an amino salt, it seemed probable that at least a 
portion of the mtrogen of thyroxin should react as amino nitrogen 
With nitrous acid when the molecule existed in the amino-necid salt 
form. “Phis was tried and it was found that when an alkaline 
aqueous solution of thyroxin was added to a Van Slyke samino-aeid 
apparatus, approximately 70 per cent of the total nitrogen present 
was berated as amino nitrogen. When the keto form of thyroxin 
Was used, no nitrogen was evolved. When the amino carboxvl 
form of thyroxin is added to nitrous acid, about 15 per cent of its 
total nitrogen is evolved as amino nitrogen. The reason that a 
quantitative evolution of amino nitrogen does not occur with the 
last mentioned form in 38> minutes is because the ervstals are 
insoluble and the reaction takes place at a very slow rate. 

When nitrous acid is added to an aleoholie solution or to an 
aqueous suspension of thyvroxin in the presence of hydrochloric 
acid, a vellow color is produced. Upon the addition of ammonia 
this is changed to a deep red which in dilute solution is pink. This 
color renetion Is convement fora rough qualitative test for thvroxin, 
However, if acetic or sulfurie acid: is used in place of hydrochloric, 
a fuunter vellow color is produced, and the addition of ammonia 
eives a vellowish orange instead of a red color. 

During the purification of thyroxin, the presence of colloidal 
Impurities is sufficient to cause the opening of the ring and also 
to prevent the closing of the ring. When an alkaline solution of 
thvroxin is acidified the precipitate carries down many of the im- 
purities present as salts of the amino group and hence no quanti- 
tative separation can be effected by precipitation with an acid. 
The chief problem in the isolation of thyroxin ts to close the ring 
in the presence of the impurities, and thereby produce chemical 
properties specific to the thyroxin molecule, which permit of a 
separation. This difficulty in closing the open-ring form of thy- 
roxin is well illustrated in the course of its purification. Approxi- 
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mately 50 per cent of the iodine content in the early steps of the 
separation of thyroxin is soluble in’ barium hydroxide. “This 
barium-soluble portion may be hydrolyzed by heating with barium 
hydroxide for many hours, precipitated with acid, given another 
treatment with barium hydroxide, and this process continued as 
many as seven or eight times without rendering thyroxin insoluble 
in barium hvdroxide. This treatment, however, slowly separates 
many of the impurities and the percentage of lodine in the dry 
material may reach as high as 58 per cent. Thvyroxin in this 
open-ring form contains sufficient Impurities to impart dis- 
tinetly vellow color, and it is readily soluble in sodium carbonate, 
barium livdroxide, pyridine, and alcohol. By chance such a 
preparation was dissolved in sodium carbonate solution and was 
allowed to stand 7 weeks. At the end of that time a white residue 
had separated and settled to the bottom of the flask. Examina- 
tion showed this to be the monosodium salt of thyvroxin.  Al- 
though the material was in the open-ring form when dissolved in 
the carbonate, on long standing the ring had closed and the 
compound thereby became insoluble in sodium carbonate. 

The open-ring form of thyroxin cannot be precipitated from 
alcohol with acetie acid. The keto form of thyvroxin is very 
nearly quantitatively precipitated from aleohol by acetic seid, 
but as long as impurities are present, an alcoholic solution of the 
open-ring form of thyvroxin may be allowed to stand several weeks 
without any trace of thvroxin separating. If, however, an alco- 
holic solution of thyroxin is slowly evaporated on the water bath, 
the evaporation causes a partial separation. A vellow oily tar 
ereeps up the inclined bottom of the evaporating dish and forms 
a ring as the alcohol evaporates. At the spot where the last 
trace of alcohol was left, a dry erusty material, which is almost 
white, shows the partial separation of thyvroxin in the keto form. 
This property of thyroxin to separate from alcohol, even in the 
presence of impurities, is the reaction by which thyvroxin was 
first isolated. The alcohol in this case was evaporated uninten- 
tionally, and, although the entire sample of thvroxin had been 
completely soluble in the aleohol, the slow evaporation and sub- 
sequent heating at 100° was sufficient to close the ring in a small 
percentage of the total amount with the result that if was in- 
soluble on the addition of more alcohol. This method of sepa- 
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ration is not of great value for the isolation of the compound. 
The best method so far determined for the closing of the ring is 
to dissolve thyroxin alcohol containing sodium hydroxide, 
and pass carbon dioxide through the solution, freeing both hy- 
droxy and carboxyl groups. Most of the sodium carbonate is 
Insoluble and is removed by filtration. The alcohol is distilled, 
leaving an aqueous sodium carbonate solution of thyroxin but 
still in open-ring form. Allowing this to stand for several days 
will cause a separation of the monosodium: salt in the enol form 
Which may be purified by similar treatment. 


and Reduction of Thyroxin., 


Quantitative oxidation and reduction experiments with thy- 
roxin have not been carried out because of the amount of material 
which would be required order to isolate the products. 
Thvyroxin more susceptible to reduction than oxida- 
tion, Zine in alkaline or acid solution breaks off 1odine and 
appears to alter the organic nucleus.  Thyroxin is reduced when 
heated in the presence of any metal in alkaline solution other 
than mckel and the heavy metals, silver, gold, and platinum, 
Thyroxin is stable in the presence of mild oxidizing agents.  Hy- 
drogen peroxide produces no immediate effect and ina cold acid 
suspension the molecule will resist oxidation with potassium 
dichromate or todie acid. Potassium permanganate or bromine 
in hot aqueous solution causes the breaking down of the molecule. 
Benedict's copper solution, for the determination of sugar, entses 
an oxidation of thyroxin in the presence of sodium hydroxide, 
In the presence of ammonium hydroxide alone, thyroxin is stable 
In Benedict's solution heated to boiling. Free iodine if added 
to an alkaline solution produces a precipitate and apparently 
brings about a deep-seated reaction within the molecule. In 
acetic acid or acid alcohol, iodine dias very little, if any, effect 
on thyroxin even at the temperature of boiling acetie acid. 
Further investigation showed that, in the presence of iodine, 
thvroxin is stable in the keto form, but not in the enol form. 
The changes produced by oxidation w'th chlorine, bromine, and 
iodine, have not been determined, but n alkaline selutions yellow 
tarry products are formed. Since the cnol form of thyroxin is so 


APR 4 
5 
° 
4 
See 
oR: 
i 
> 
g 4 
2 
$ 
{ 
4 
? 
4 
x 
‘ 
ry t 
= 
on 
| 
i 
4 
: 


C. WKendall and A. E. Osterberg 303 


much less stable than the keto, the weakness in the molecule 
appears to be in the linkage of the nitrogen, and the point of 
cleavage is probably between the nitrogen and the hydroxy 
groups. When the imino carbonyl groups are present, the 
molecule is much more resistant to oxidation by halogen. 

Another point of weakness within the molecule exists in the 
benzene ring. The completely reduced benzene ring readily 
passes over into a six carbon, straight chain form. Hexa-hydro- 
phenol may be readily oxidized to adipic acid by the action of 
dilute nitric acid. In thvroxin the benzene ring is in the tetra- 
hvdro form, and it is highly probable that the one double-bond 
which is present will break down with the formation of an open 
chain structure. A reaction similar to this is found in the oxida- 
tion of the tetra-hydro-benzene ring of sedanonie acid (2) to 
straight cham acids. 

Due to the weakness of the linkages to the nitrogen in thyroxin, 
it is impossible to hydrolyze derivatives from the imino group. 
After the acetyl radical has been attached to the imino group, it 
cannot be hydrolyzed wath sodium or potassium hydroxide. 
When treated with alkali, the compound precipitates asadi-metal 
salt, and is thrown out of solution. If sufficiently drastic action 
is applied to bring about the hydrolysis, disruption of the mole- 
eule occurs. 

Thyroxin upon exposure to the sunlight in weak alkaline solu- 
tlon is verv unstable. Within 24 hours the solution changes 
froin colorless to a pink, or faint vellow, which deepens on stand- 
ing to a brown color, depending on the amount of thyroxin pres- 
ent. Simultaneously with the discoloration a distinct aromatic 
odor is produced slightly resembling that of nicotine. Such a 
solution, when tested for iodine by means of starch in acid solu- 
tion, shows that no iodine bas been broken off in the free form. 
If, however, a small amount of potassium iodide is added, iodine 
is immediately liberated, which indicates that the 1odine within 
the thyroxin molecule was not broken off either as hydriodic 
acid or as iodine, but in the form of hypoiodous acid. On longer 
standing a test for free iodine is given without the addition of 
potassium lodide and the amount of hypotodous acid is much 
reduced. After several weeks no test for todine or hypoiodous 
acid is given, but all the iodine is found in the form: of hydriodic 
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acid. The reduction of the hypoiodous acid to hydriodice acid 
is probably brought about by the hydroindole nucleus. The 
finding that iodine is broken off from the thyroxin molecule in 
the form of hypoiodous acid and not as hydriodic has direct bear- 
ing on the physiologic action of the molecule within the body. 


The Acetyl Derivative. 


With the acetyl, sunlight produces a similar reaction, but in 
this case the solution is found to contain both hypoiodous acid 
and iodine. The acetyl derivative, therefore, is more susceptible 
to oxidation than thyroxin, and brings about a much more rapid 
reduction of the hypoiodous acid to iodine and hydriodic acid. 

So unstable is the acetyl under certain conditionsthat there is a 
spontaneous liberation of 1odine from the molecule and the simul- 
tancous oxidation of the organic nucleus, resulting In a change of 
eolor and the production of a vellow tarry material. The con- 
ditions under which it is produced appear to be ina solution of 
approximately the neutrality of distHled water. If barium or 
‘calcium: chloride is added to a sodium hydroxide solution of the 
acetyl, and the solution is boiled, no decomposition of the barium 
or calcium salts occurs. If magnesium chloride is used in place 
of barium or calcium, the basicity of magnesium hydroxide is 
insufficient to prevent the decomposition of the acetyl, and there 


is a spontaneous liberation of iodine accompanied with produc- 


tion of a blue color, which changes to green, and finally to vellow. 
This same reaction occurs if the sodium salt of the acetyl is dis- 
solved in distilled water and allowed to stand without the addition 
of sodium hydroxide. Also if the disodium salt is filtered on a 
small Buchner funnel, washed with sodium chloride, and allowed 
to stand in a moist condition there is rapid liberation of iodine 
and production of bluish green colors, which fade to yellow. — If 
small pieces of the acetyl in dry form are added to water, alcohol, 
or pyridine containing alkali, the solution of the solid material is 
accompanied by decomposition in part with a liberation of 1odine 
and discoloration. If the acetyl is dissolved in aleohol the addi- 
tion of sodium hydroxide to the solution will form the sodium salt 
of the acetyl without decomposition or liberation of iodine. Fur- 
thermore, an alkaline solution can be added to acid with precipi- 
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tation of the acetyl without decomposition. In both acid and 
alkaline solutions the acetyl is as stable as thyroxin, but at the 
neutral point a spontaneous decomposition occurs. One of the 
factors which affects this reaction 1s the mass of material present. 
In dilute solutions the decomposition of the acetyl is very much 
slower, and in sufficiently dilute solutions it may not occur at 
all. This effect of the mass of material explains why solution in 
alcohol prevents the destruction of the acetyl with addition of 
alkali. The mechanism is essentially the diminution of the con- 
centration of the acetyl. Great difficulty was encountered in 
the preparation of the acetyl until the factors influencing the 
decomposition were discovered. As thyroxin does not react) in 
this way no difficulty was anticipated, and it was only after 
identification of free iodine in the solutions of the acetyl which 
had turned bluish green that an insight into the mechanism was 
obtained. Why the acetyl derivative spontaneously decomposes 
at the neutral point and gives off iodine in the free form instead 
of hypoiodous acid, as occurs with thyroxin, is not known. 

The reactions resulting in the oxidation of the acetyl and libera- 
tion of 1odine are also given by the ureide under similar condi- 
tions. This excludes the possibility that the acetyl radical is 
necessary for the decomposition and suggests that the reason for 
the instability is the replacing of the imino hydrogen by a larger 
group. 

When this decomposition has occurred in part, the products 
cannot be removed from the rest of the material, and it is impos- 
sible to separate the acetyl in free form. The tarry products 
resulting from the decomposition of a small part prevent the 
crystallization of the rest of the acetyl. The retention of im- 
purities by the acetyl is very similar to the retaining of impurities 
hy partially purified thyroxin. 

Beside the spontaneous decomposition, other reactions which 
are specific to the acetyl were found which will be discussed at 
this time. It Was found that when the acetyl was freshly pre- 
eipitated from an alkaline solution by an acid it is soluble in 
ether. After it has been separated in crystalline form and dried 
it is insoluble in ether. This difference in solubility is undoubt- 
edly due to the acetyl existing in open-ring form when precipi- 
tated from cold water solution. The elosed-ring form is insoluble 


in ether. 
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When the acetyl derivative is prepared* by adding acetic 
anhydride to an alkaline alcoholic solution of thyroxin, and the 
alcoholic solution of the acetyl is then added to ether the acetyl 
is removed only partially by subsequent extraction of the ether 
with sodium hydroxide. <A large amount of the acetyl remains 
in the ether. If the ether solution is tested with nitrous acid 
the usual reaction with the production of a yellow color turning 
to red with the addition of ammonia, does not occur. After 
uleoholie sodium hydroxide is added and the solution is heated, a 
typical reaction with nitrous acid will take place. Another dif- 
ference of the acetyl before and after the treatment of the ether 
solution with alkali is shown in the solubility of the acetyl in 
alkalies. If the ether is evaporated before alkaline hydrolysis, 
the acetyl is found to be very difficultly soluble in aqueous sodium 
hydroxide. After hydrolysis in alkaline alcohol, the acetyl is 
very easily soluble in dilute alkali. The non-reactivity with 
nitrous acid and insolubility in alkali may be due either to the 
formation of an inner salt between the carboxyl and imino, or to 
the formation of a diacetyl derivative. Treatment with alkalies 
hydrolyzes either the acid salt or one acetyl group, and the acetyl 
in free form is liberated. 

The Action of Sunlight on Thyroxin, and the Production of Colored 
Compounds from Thyroxrin. 


When thyroxin, the acetyl, or the ureide is dissolved in dilute 
sodium hydroxide and allowed to stand in the sunlight, the solu- 
tion slowly changes, and in the course of 12 to 72 hours develops 
a distinetly pink color. On further standing the pink color is 
changed to vellow. When the carbonic acid derivative was 
prepared by treating thyroxin with phosgene, it was found to be 
unstable and changed to a deep pink. When the sodium or 
barium salt of thyroxin is allowed to stand exposed to sunlight in 
a dry form, it also develops a pink color. With the barium salt 
this action does not oecur in the dark, or when the salt is covered 
with water. The development of the pink color in each case is 
accompanied by the splitting off of iodine in the form of hypo- 
iodous acid. This pink color was first noticed on the edges and 
outside of white porcelain casseroles which were used to extract 
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the barium salt of thyroxin with sodium hydroxide. Where the 
solution dried and was exposed to heat and light the pink color 
developed. Later this was shown to be due to the thyroxin itself 
and not to the tnpurities present. The cheniuecal strueture of 
the pink-colored compound as still unknown, but it appears 
probable that it is an oxidation product of the hydroindole 
nucleus. The effect of light on the separation of thyroxin is of 
importance, and loss of thyroxin due to the action of light may 
amount to a considerable percentage of the total unless pre- 
cautions are observed not to permit the action of direct: sunlight 
to destroy the partially purified thyroxin. 


Effect of Acid and Alicali on Thyroxin. 


No quantitative determinations have been made as vet con- 
cerning the ultimate products of alkaline hydrolysis because of 
the amount required to isolate the decomposition products. 
Thyroxin is not affected at room temperature by any concentra- 
tion of aqueous sodium hydroxide. It is soluble in dilute alkali 
and after the concentration has reached 10 to 15 per cent the 
disodium salt separates. The further addition of alkali renders 
the sodium salt more insoluble but it does not cause any destrue- 
tion of thyrexin. Although thyroxin is stable in sodium hydrox- 
ide at room temperature, when it is heated above 110° in the 
presence of strong sodium hydroxide, there is a destruction of the 
molecule with the splitting off of sodium iodide, and eventually 
the liberation of indole which may be identified by the pine- 
splinter reaction. The amount of indole liberated is not quanti- 
tative and it is probable that only traces of the hydroindole 
nucleus appear as indole. 

In acids thvroxin is not so stable as in the presence of alkall. 
In aqueous solutions of pure thyroxin, hydrochloric or sulfuric 
acids precipitate the hydrochloride or sulfate of thyroxin, and, 
since these are insoluble, the destruction of thyroxin is prevented. 
However, when thyroxin is present In Open-ring form, strong 
acids bring about reactions with the impurities and oily tarry 
products result. In aleohol solutions prolonged action of hydro- 
chlorie acid causes a destruction in part even with pure thyroxin, 
resulting in the production of a brown discoloration.  Poly- 
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merization of indole compounds in the presence of acid is well 
established, and it seems probable that this explains the destrue- 
tive action of acids on thyronxin. 


A Consideration of Other Possible Structural Formulas. 


Accepting the empirical formula as Cy; Hy, Os NIy, the carbonyl 
group in the moleeule could be present as a ketone, either at- 
tached to the side chain or to the benzene ring. That this is not 
the ease is shown by the failure of thyroxin to react with hydra- 
zine, phenvlhvdrazine, or semicarbazone. The earbonvl group 
adjacent to the imino should not reaet with hydrazine and the 
failure of thyroxin to react is evidence corroborating the hypoth- 
esis that the carbonyl group is adjacent to the imino. The 
positions of the three iodine atoms, the three extra hydrogen 
atoms, and the three carbon atoms in excess of the indole nucleus 
have not been determined by substitution or by decomposition 
products. Phe most conclusive proof of the position of the three 
carbon atoms and the terminal carboxvl would be furnished by 
the synthesis of thyroxin. The svnthesis of thyvroxin will be 
reported in another paper, but at this time the svnthesis of the 
compound will be cited as evidence tor the correctness of the 
structural formula assigned in regard to the position of the three 
carbon atoms with terminal carboxyl. The establishment of the 
fact that thvroxin does not rotate polarized light excludes an 
asvmimetric carbon atom and confirms the arrangement of the 


double-bonds. 


The Crystal Form and Melting Pornt of Thyroxin. 


The keto form of thyroxin crystallizes im six distinetly different 
forms (Pigs. 25 to 380). Each of the seven other forms of thy- 
roxin has characteristic ervstal forms. The di-basie and mono- 
basic metal salts and the amino- and imino acid salts of thyroxin 
also have characteristic formes. 

The crystal forms of imino acid salts and of di- and mono-metal 
salts are flat plates for the most part. The other ervstal forms 
are long branching needle blades or thread-like needles which 
occur in rosettes, or in sheaves, or in tangled masses. 
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Beside the type of ervstal, all these forms and derivatives of 


thvroxin also have characteristic melting points. For these 


reasons microscopic study of the ervstals and the determination 


of the melting point are the two methods which have proved of 
greatest value during this investigation. The determination of 


iodine is not of such value because the iodine content of any one 


ve" 


Fig. 25, 


Pics. 25 to 50. Six different types of erystals in which the keto form of 


thyroxin separates, 


form may vary within wide limits without greatly affecting either 
the melting point or the ervstal form. A good illustration of this 
is in the keto form of thvroxin. The keto form of thyvroxin when 
pure melts at 250°, when slightly impure the melting point drops 
to 246° or 245°, and when grossly contaminated with impurities 
it drops to 240°. This point, however, appears to be the limiting 
value below which the keto form seldom melts. It appears that 
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merely dissolving thyroxin in alkali and precipitating it causes a 
slight decomposition. The decomposition products are retained 
by the pure thyroxin and are separated with great difficulty. 
However, the presence of these impurities rarcly exceeds the 
amount which lowers the melting point to the neighborhood of 
240°. Microscopically the keto type of crystals could be identi- 


| 


Kia. 26. 


fied, and the melting point of 240° or above would confirm the 
form in which thyroxin existed but the iodine content might 
vary as much as 2.5 per cent from the theoretical. The keto 
form melts the highest of all forms or derivatives of thyroxin, 
from 240-250°, the amino carboxyl form melts in the neighbor- 
hood of 225°; the amino hydrate melts at 216°, and the enol form 
at 204°; the imino acid salts melt at about 228°: the amino-acid 
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salts in the neighborhood of 204°; the derivatives of thyroxin 
attached to the imino, in closed-ring form, melt at about 238° 
and in open-ring form at about 152°. It is apparent that][the 
melting points of different forms and derivatives are so widely 
separated that no misinterpretation could result except in cases 
of mixtures, and the crystal form is so definite that mixtures! can 


Fic. 27. 


he identified under the microscope. It has been found, however, 
that the melting point varies greatly with the rate of heating. 
One sample of thyroxin, which melted at 240° when heated at the 
rate of 10° increase per minute, melted at 248° when heated at the 
rate of 18° inerease per minute, and at 221° when heated at-the 
rate of O.6° inerease per minute. 


‘ 
| 
| i 
| 


‘TOXIN 


The Chemical Identifieation of Thy 
Fic, 29. 


312 


| 
+ 
4 3 
| 
| 
| 
1 


ke. C. Kendall and A. E. Osterberg 313 


For a routine determination we have adopted the rate of 10° 
increase per minute, and when the melting point is observed 
under these conditions each form of thyroxin and its derivatives 
agree very closely in their melting points, with other samples of 


the same form. 


Kia. 30. 


EXPERIMENTAL. 
The Percentage of Todine in Thyroxin. 


Eighteen different samples of thyvroxin have been prepared, the 
weights of the samples ranging from 900 mg. to 5 gm. All 
the samples contained at least 63.5 per cent of iodine and six 
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were purified until they contained approximately 65 per cent 
of iodine. The iodine content? of Samples 1 to 6 is as follows: 


lodine Content of Thyrorin? 


Sample 5.10 mg. contained 3.31 mg. of iodine = per cent. 


Precipitation of thyroxin from alkaline aleohol with acetic 
acid, or by boiling an ammoniacal solution, does not vary the 
percentage of 1odine. Preeipitated with acetic acid from alkaline 
alcohol the iodine content of thyroxin was 64.95 per cent. Pre- 
cipitation of the same preparation by boiling an ammoniacal 
solution gave an iodine content of 64.92 per cent. 50 mg. of 
thyvroxin were dissolved in 200 ce. of water containing 3 ee. of 
concentrated ammonium hydroxide. The solution was boiled 
down to LLOQ ce. 100 ce. of water were added and the solution 
was boiled for a few minutes, cooled, and filtered. 15 ce. of fil- 
trate contained 0.20 me. of tocdine. 

Solubility. = one part in 48,800. 


Analysis of Thyroxrin, 


Saniple No Weight Ho Carbon Hvdrogen. Todine 
pie. 
mg. mid. per ne per nt per nf 
7 171.2 14S 0 2609 23.34 1.¢4 O4.95 


ws 


102 mg. of thyroxin contained 2.27 mg. of nitrogen 


= 2.23 per cent. 


“dro-  Oxy- Nitro- 
Carbon, wee Iodine. 
ven. yeni. 


gen. 


"per cent per cent per cent per cent per cent 
Calculated for Ci, Hie O3NI;............; 22.56: 1.70 | 8.20 | 2.39 | 65.10 
> The iodine was determined by a method published in 1914, which has 
been modified recently so that it is now applicable for the determination 
of small amounts ¢f iodine to a high degree of accuracy (The determina- 
tion of iodine in eonnection with studies in thyroid activity, Wwendall, 
C., J. Biol. Vhem., 1914, xix, 251). 
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Solubility of Keto Form of Thyroxin. 


50 mg. of thyroxin were dissolved in 200 ce. of dilute sodium 
hydroxide. 20 ce. of 50 per cent hydrochloric acid were added 


and the solution was boiled; 15 ee. of the filtrate contained 0.116 


mg. of iodine. 

Solubility = one part in 84,000. 

The Sulfate of Thyroxin.—For the preparation of the sulfate 
50 mg. of thyroxin are dissolved in 200 cc. of water containing 
50 to 100 mg. of sodium hydroxide; 20 ce. of 50 per cent sulfuric 
acid are added, and the solution is boiled. The sulfate of thy- 
roxin is soluble at 100°, but on cooling settles to the bottom of 
the container in oval-shaped plates. It may be filtered on a 
Buchner funnel, washed with water, and dried in a desiccator. 


Analysis of the Sulfate of Thyroxtn. 
Sample 1. 5.48 mg. contained 3.27 mg. of iodine = 59.71 per cent. 
2.25.00 * * = €.00 “ 
114.4 mg. of thyroxin sulfate gave 86.9 mg. of carbon dioxide, 18.1 mg. 
of water; 5.08 mg. contained 3.04 mg. of iodine. 


Carbon. | Hydrogen. | Iodine. 

percent | percent | percent 
Caleulated for Cy; 20.82 1.75 60.09 
Found.. 20.71 1.75 | 59.92 


50 mg. of thyroxin were dissolved in 200 ec. of sodium hydrox- 
ide precipitated with 20 ec. of 50 per cent sulfurie acid, and the 
solution was boiled; 15 ee. of the cooled filtrate contained 0.127 
ing. of iodine. 

Solubility = one part in 76,900. 

The Hydrochloride of Thyroxin—The hydrochloride of thy- 
roxin is best prepared by dissolving a small amount of thyroxin, 
15 to 25 mg. in 5 or 6 ce. of aleohol containing 2 to 3 ec. of 50 
per cent hydrochloric acid. 1 to 2 ce. of water are added, and the 
aleohol is boiled off in a test-tube. After most of the alcohol has 
been distilled the hydrochloride will separate in flat, glistening 
plates. If too small an amount of acid is used, or too much 


water, the hydrochloride will hydrolyze, and the plates will - 


change to needles. 
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The Metal Salts of Thyroxin.—Dry crystalline thyroxin is read- 
ily soluble in sodium and potassium hydroxides in the cold, if 
the concentration of the alkali is less than 10 to 15 per cent. 
Thyroxin is insoluble in sodium or potassium hydroxide in the 
cold if the alkali is stronger than 15 to 20 per cent, but it is more 
soluble in strong alkali if the solution is warmed. In a mixture 
of 66 per cent of alcohol and 33 per cent of water containing 1 
per cent of sodium hydroxide, thyvroxin may be dissolved to the 
extent of about 4 per cent. It is still more soluble in hot solu- 
tions but on cooling will separate as the di-metal salt. Thyroxin 
is not readily soluble in dilute ammonia, but concentrated 
ammonia will dissolve about 1.8 per cent of thyroxin. 

The Di-Basic Sodium and Potassium Salts.—100 mg. of thyroxin 
are dissolved in 20 cc. of dilute sodium hydroxide and to this are 
added 150 ee. of a solution of 10 per cent sodium hydroxide con- 
taining 20 per cent of sodium chloride. If a precipitate occurs 
the solution is warmed and the clear solution is then allowed to 
stand until cold. The exact concentrations of sodium chloride 
and hydroxide are not important. The disodium salt readily 
separates in any solution containing a high concentration of 
sodium salts. If the strongly alkaline solution is decanted and 
replaced with 15 per cent sodium chloride solution, the crystals 
may be filtered through a Buchner funnel on paper. They are 
insoluble in 10 to 15 per cent sodium chloride and may be washed 
and dried. The disodium salt cannot be prepared in pure form 
for analysis as washing with water dissolves the salt, and it passes 
The di-basie potassium salt is prepared in a 


through the paper. 
The diammonium 


way similar to that used for the sodium salt. 
salt is prepared by dissolving thyroxin in hot concentrated 
ammonium hydroxide and allowing the solution to cool. Flat, 
rectangular erystals of the diammonium salt will separate. 

The Alkaline Earth Salts of Thyroxin.—The barium, caleiun,. 
and magnesium salts of thyroxin are prepared by dissolving 50 
to 100 mg. of thyroxin in 100 cc. of dilute sodium hydroxide using 
as small an amount of alkali as possible to carry the thyroxin 
into solution. The solution is heated to boiling and 20, ec. of a 
20 per cent solution of barium, calcium, ot magnesiunm chloride 
are added to the hot solution of thyrexim. Carbom dioxide ts 
excluded by placing the beaker in an atmasphere of carbon 
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dioxide. The magnesium and calcium salts are verv. slightly 
soluble in boiling water. 500 ce. of boiling water will dissolve 
between 100 and 150 mg. of the barium salt. The barium salt 
may be suspended in boiling water and the solution filtered 
through a Buchner funnel into a suction flask. 30 ec. of 20 per 
cent barium chloride are now added to the filtrate and the barium 
salt is allowed to reerystallize. Only a negligible amount of thy- 
roxin is soluble in the presence of this amount of barium chloride. 
The barium salt under these conditions is unstable and will slowly 
turn a pink color. Analysis for iodine shows a lower iodine con- 
tent than that caleulated. 


lodine Content of Barium Salt. 


Sample 1.6.76 mg. contained 3.26 mg. of iodine = 48.51 per cent. 


2.5.98 “ “ “ “ 
Calculated for 52.91 


If the barium salt is filtered and dried there is a slow decom- 
position and the color of the salt becomes yellowish gray. 

Silver, Copper, Nickel, and Zine Salts of Thyroxin.—The silver, 
copper, nickel, and zine salts are prepared by dissolving 50 to LOO 
mg. of thyroxin in 25 to 50 ee. of concentrated ammonia. 25 ce. 
of a 10 per cent solution of silver nitrate, copper sulfate, nickel 
sulfate, or zine sulfate are made ammoniacal with strong ammonia 
so that the precipitated hydroxide is just carried into solution, 
and there is a slight excess of ammonia. The solution of the 
metal is now added to the ammoniacal solution of thyroxin, and 
after standing a short time the erystals of the metal salt will 
separate. If too much ammonia Is used, a larger amount of the 
solution of the metal may be required to start the crystallization. 
Allowing it to stand over night will insure a more complete pre- 
cipitation. Sodium hydroxide may be used for the solution of 
thyroxin, but, since the metal salt of thyroxin is more soluble in 
sodium hydroxide, ammonium hydroxide has been found to be 
the most satisfactory solution. The silver, copper, nickel, or 
zine salts suspended in water or dilute ammonia are soluble on 
the addition of several cc. of 80 per cent sodium hydroxide solution. 
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lodine Content of Silver Salt, 


Sample 1. 4.86 mg. contained 2.37 mg. of iodine = 48.74 per cent. 


Caleulated for 


The average of these eight determinations is 48.73 per cent 
iodine. The iodine content indicates the addition of 92 per cent 
of the theoretical amount fora di-metal salt and 184 per cent of 
the amount required for a mono-metal salt. The higher iodine 
content than that calculated for a di-metal salt is undoubtedly 
due to the hydrolysis of the hydroxy group. In the zine salt, 
the amount of iodine was found to be 56.95 per cent. The cal- 
culated amount for the zine salt is 58.79 per cent, but the caleu- 
lated amount of iodine in the zine salt in which hydrolysis of the 
hydroxy group had oecurred would be 57.12 per cent. The close 
agreement between the amount found and the latter figure is 
evidence that hydrolysis of the hydroxy group also occurs in the 
zine salt. of thyroxin. The low iodine content of the salts of the 
diad metals, barium and zine, and the high iodine content of the 
salt of the monad metal, silver, suggest that in all di-metal salts of 
thvroxin hydrolysis of the hydroxy group is brought about by 
washing the salt with water. 

Preparation of Mono-Metal Salts.—100 mg. of thyroxin are dis- 
solved in 150 ce. of 1 per cent sodium hydroxide, and carbon 
dioxide is bubbled through the solution until thyroxin is precip- 
itated. The suspension is now heated until solution is complete. 
On cooling, the monosodium salt separates in crystal form. The 
separation of the mono-salt is assisted by the presence of sodium 
salts and is hindered by too great a dilution. An excess of carbon 
dioxide must not be passed through the solution, as free thyroxin 
will be precipitated. The preparation of the potassium salt is 
sunilar to that of the sodium salt. In preparing the ammonium 


salt, strong ammonium hydroxide is much better than dilute, as 
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the solubility of the ammonium salt is thereby decreased. If the 
mono-metal salt is filtered on a Buchner funnel and washed with 
10 to 15 per cent sodium, ammonium, or potassium chloride, it 
is not dissolved through the paper. If washed with cold water, 
about 40 per cent is dissolved and 60 per cent of the amount of 
thvroxin taken remains on the paper in the form of free thyroxin 
in the enol form. 


Nesslerization of the Hydrolyzed Monoammonium Salt of Thyroxin. 


50 mg. of the residue left on the paper after washing the mono- 
ammonium salt with water were dissolved in 60 ce. of ammonia- 
free water containing a small amount of sodium hydroxide. The 
addition of 15 ce. of Nessler’s solution and dilution to 100 ce. 
produced no color, showing hydrolysis of the monoammonium 
salt was complete. 

Solubility of Monosodium Salt.—5 cc. of 0.10 per cent sodium 
carbonate dissolved about 15 mg. of dry thyroxin in keto form, 
when the solution was heated to boiling. Most of the thyroxin 
reprecipitated on cooling to 20°, but not as the monosodium 
salt. The erystals were needles or very small rosettes. 1 ee. of 
the filtrate contained 0.76 mg. of iodine = 1.17 mg. of thyroxin. 

Solubility = one part in 850. 

5 ec. of 1 per cent sodium carbonate dissolved 85 to 90 mg. of 
thvroxin at almost the boiling point. Probably more than this 
amount could be dissolved but as the solution began to turn 
yellow the heating was stopped. On cooling to 23°, needles in 
clusters and square plates of monosodium salt separated. 1 ce. 
of filtrate contained 1.14 mg. of iodine = 1.75 mg. of thyroxin. 

Solubility = one part in 570. ° 

The Enol Form of Thyroxin.—The enol form of thyroxin is the 
most difficult to prepare in crystalline form, but is very easily 


prepared in the crystal form of the mono-metal salts by cold water - 


hydrolysis of the monoammonium, sodium, or potassium salts. 
10 to 20 mg. of the enol form in dry powder is readily soluble in 
1 to 2 ce. of pyridine. The addition of 10 to 15 ec. of water 
will produce a cloudiness. On long standing (24 hours), the 
thyroxin will precipitate. Depending on conditions of the con- 
centration of pyridine and the amount of thyroxin present, 
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The Chemical Identification of Thyroxin 
the thvroxin may precipitate in keto form. This may be dis- 
tinguished under the microscope as long bundles, or sheaves of 
needles. The enol form separates in either rosettes, or short 
bundles of needles. The enol form of thyroxin is also soluble in 
quinoline. Other ways to prepare the enol form of thyroxin is to 
add ammonium chloride to a cold solution of the disodium salt in 
water which does not contain an excess of alkali, or to dissolve 
the disodium salt of thyroxin in alcohol and add water and 


ammonium chloride. A mixture of both keto and enol crystals 


usually results if much alcohol is present. 

10 to 15 mg. of dry crystals of the keto form of thyroxin may be 
boiled with 5 to 10 ec. of pyridine without going into solution. 
The addition of a very small amount of dilute ammonia will 
change the thyroxin to the enol form and carry it into solution. 
The water may then be boiled off and the enol form remains 
soluble in pyridine. If 15 to 20 mg. of the enol form of thyroxin 
are dissolved in 2 to 3 ee. of pyridine in a test-tube, and to this 10 
to 15 ce. of water are added, and the solution is boiled, after the 
pyridine has been removed by distillation, thyroxin will separate 
in the keto form similar to the precipitation of thyroxin from a 


boiling ammoniacal solution. 

25 mg. of thyroxin added in the keto form to 10 ec. of water 
in the presence of 1 gm. of sodium carbonate will not dissolve. 
If alcohol is used instead of water and the alcohol is boiled, the 
sodium carbonate does not dissolve but the thyroxin is carried 
into solution. The monosodium salt of thyroxin in the enol form 
produced by the alcoholic suspension of sodium carbonate is 
readily soluble in alcohol. 

The Amino-Acid Salt Form of Thyroxin.—For the preparation 
of amino-acid salts, thyroxin is dissolved in a small amount of 
sodium hydroxide in a large volume of water, and to this carbon 
dioxide or other organic acid is added until thyroxin precipitates. 
The voluminous precipitate is filtered, washed, and dried. In 
order to prepare the amino salts in erystalline form, other ex- 
pedients may be used. For the preparation of the amino sulfate, 
thyroxin is dissolved either in formic acid or in alcohol contain- 
ing a small amount of sulfuric acid. The alcohol is concentrated 
to small volume, and water is quickly added in large volume. 
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Solubility of Thyrorin in Amino Salt Form. 


Hydrochloride. 50 meg. of thyroxin were dissolved in 200 cc. of 
dilute sodium hydroxide, and preeipitated at 25°C. with a slight 
excess of hydrochloric acid, 15 ec. of the filtrate, after removing 
the precipitate of thyroxin, contained 0.037 mg. of iodine. 

Solubility. = one part in 263,000. 

Carbonate.—50 mg. of thyroxin were dissolved in 200 ce. of 
dilute sodium hydroxide, and precipitated by passing carbon 
dioxide through the solution; 15 ce. of the filtrate contained 0.012 
mg. of 1odine. 

Solubility = one part in 815,000. 


lodine Content of Amino Carbonate. 


5.8 mg. contained 3.137 mg. of iodine = 60.57 per cent. 
Calculated for CH NT; (H2CO;) 60.09 


The slightly higher figure for iodine than the calculated amount 
is probably due to separation of the thyroxin in either the enol 
or amino hydrate form, or to the hydrolysis of the amino car- 
bonate and formation of the amino carboxyl. This sample of 
thyroxin contained 65.02 per cent of iodine when precipitated in 
keto form. 

The Amino Carboryl Form of Thyroxin.—The amino carboxyl 
form is prepared by suspending the amino-acid salt form of 
thyroxin in water in the presence of a small amount of weak 
organic acid, such as acetic, and boiling the solution. The acid 
radical is expelled from the amino group, and the adjacent car- 
boxyl group forms an amino carboxyl salt. It can also be pre- 
pared by dissolving the disodium salt of thyroxin in a large vol- 
ume of water, heating to boiling, adding ammonium chloride, 
and continuing the boiling. The amino carboxyl form of thy- 
roxin separates. 

If no acid is present the elements of water may be expelled from 
the molecule and thyroxin will separate in keto form. 


Iodine Content of Hydrolyzed Amino-Acid Salts. 


A sample of amino carbonate was suspended in neutral dis- 
tilled water and the solution was boiled 3 minutes. This was not. 
sufficiently long to complete the hydrolysis. 
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5.38 mg. contained 3.321 mg. of iodine = 61.72 per cent. 

The same sample boiled 15 minutes showed that all of the ecar- 
bonate had been expelled and also that some of the amino carboxy] 
form had been converted into the keto form. 

5.2 mg. contained 3.305 mg. of iodine = 63.56 per cent. 

A sample of amino sulfate suspended in distilled water and boiled 
more nearly approximated the amino carboxyl form, but in this 
case all the sulfate radical was not hydrolyzed. 


».0 mg. contained 3.135 mg. of iodine = 62.72 per cent. 
Caleulated for amino carbonate, 60.09 per cent iodine. 


Preparation of the Amino Hydrate Form.—Thyroxin is dissolved 
in a large volume of water with a moderate excess of sodium 
hydroxide. The solution is heated to boiling and then removed 
from the flame, and 10 per cent ammonium chloride is slowly 
added to the amount of 10 to 15 ce. The solution becomes 
turbid, and long branching crystals separate. The limits of the 
concentration of the hydrogen ion and the temperature for the 
formation of the enol, amino hydrate, amino carboxyl, and the 
keto forms are very narrow. If thyroxin is dissolved in a few 
mg. of sodium hydroxide, and the solution is diluted to about 
400 ec., and divided into four equal parts, each of the four dif- 
ferent forms of thyroxin may be prepared from these solutions 
merely by varying the conditions of the precipitation. Ammo- 
nium chloride added to one of the solutions in the cold, will precip- 
itate the thyroxin in the enol form, or as the monoammonium 
salt in flat plates. If ammonium chloride is added to the second 
solution, which has been heated to boiling, and then removed 
from the flame, the amino hydrate form will separate. If the 
amino hydrate is precipitated in the third, and the solution con- 
taining a suspension of the amino hydrate is heated to boiling 
and the boiling continued, the erystals will change into the amino 
carboxyl form. If a large excess of ammonium chloride is added 
to the fourth solution, and the solution is boiled, thyroxin will 
separate in the keto form. 

Open-Ring Form in the Presence of Impurities.—The percentage 
of iodine in the open-ring form of thyroxin, which is still soluble 
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in pyridine, sodium carbonate, barium hydroxide, and alcohol, 
may be between 50 and 60 per cent. 


lodine Content of Thyroxin Still in Open-Ring Form. 


Sample 1. 5.00 mg. contained 2.51 mg. of iodine = 50.28 per cent. 


The solubility of these samples in alcohol, sodium carbonate, 
and barium hydroxide showed that although the amount-of im- 
purities present was very small, the ring still existed in open form. 

Colloidal Substances Producing the Open-Ring Form of Thyroxin.—— 
50 to 100 mg. of pure thyroxin, added to the impurities which are 
separated during the process of purification, will become readily 
soluble in alcohol, sodium carbonate, and barium hydroxide, 
showing the change from the keto to the open-ring form. Gelatin 
and proteins of blood produce the same changes, but the amino- 
acids resulting from the hydrolysis of gelatin will not change the 
solubility of thyroxin in barium hydroxide, alcohol, or sodium 
carbonate. 


The Acetyl Derivative. 


Preparation of the Acetyl.—In the preparation of the acetyl it 
is necessary to use pure thyroxin. The presence of even a small 
amount of impurities makes it impossible to crystallize the acetyl! 
and it will separate only as an oily tar. 100 mg. of pure thyroxin 
are added to 20 ec. of aleohol containing 100 mg. of sodium 
hydroxide. After the thyroxin is entirely dissolved 2 cc. of acetic 
anhydride are added. ‘The solution is allowed to stand for 30 
minutes, 5 ec. of water and 5 ec. of 50 per cent sulfuric acid are 
added, and the alcohol is evaporated by boiling in a 200 ce. dis- 
tilling flask under diminished pressure. The temperature is not 
allowed to go above 40°C. Crystals of the sulfate of the acety] 
separate as the alcohol is removed. These are dissolved in about 
15 ec. of aleohol which is filtered and added to a beaker containing 
200 cc. of boiling water and 5 cc. of 50 per cent sulfuric acid. The 
addition of the first few drops of the alcohol solution of the acetyl] 
does not cause a precipitate but further addition of the alcohol 
solution causes a precipitation in crystalline form of the free acetyl. 
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Purification of the acetyl may also be carried out by dissolving 
the acetyl sulfate in 25 ce. of aleohol and adding 5 gm. of sodium 
acetate and 10 ce. of 30 per cent sodium hydroxide. After the 
alcohol has been removed by boiling under diminished pressure, 
the disodium salt of the acetyl will separate in large, flat plates. 
The sodium salt may then be dissolved in aleohol and precipi- 
tated by addition to a boiling solution of dilute sulfurie acid as 
described above. 

Many samples of the acetyl have been prepared and analyzed. 
Some ‘of the results are as follows: 


Analysis of the Acetyl of Thyroxin. 


Sample 1. 5.26 mg. contained 3.20 mg. of iodine = 60.91 per cent. 


97.9 mg. of acetyl gave 90.1 mg. of carbon dioxide and 16.2 mg. of water; 
5.10 mg. contained 3.10 mg. of iodine. 


Carbon. | Hydrogen. Iodine. 
per cent | per cent per cent 
Caleulated for Cis H,.O | 1.93 60.77 


The Sulfate of the Acetyl Derivative.—If the acetyl derivative is 
dissolved in alcohol and added to boiling dilute sulfuric acid; the 
acetyl precipitates in free form without the addition of sulfuric 
acid attached to the imino group. If, however, sulfuric acid is 
added to the alcohol solution of the acetyl and the alcohol is 
evaporated either at room temperature by a current of air or 
by boiling under diminished pressure at a low temperature, the 
sulfate of the acetyl separates in needle crystals. 


Analysis of the Sulfate of the Acetyl. 
Sample 1. 5.02 mg. contained 2.84 mg. of iodine = 56.66 per cent. 
111.5 mg. of the sulfate of the acetyl gave 94.8 mg. of carbon dioxide 
and 19.7 mg. of water; 5.52 mg. contained 3.12 mg. of iodine. 
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Carbon. | Hydrogen. lodine. 
Calculated for CysHis Sy... ... | 23.07 1.92 56.36 
23.18 1.91 | 52 


Although thyroxin is insoluble in pyridine, alcohol, ethyl 
acetate, or acetic acid, the acetyl is soluble in all these reagents. 
When the acetyl is precipitated from an alkaline solution by the 
addition of an acid, it is at first soluble in ether and may be ex- 
tracted out of the water by placing in a separatory funnel with 
ether. After the acetyl has been prepared in pure form and 
dried, it is insoluble in ether. 

The Di-M etal Derivatives of the Acetyl The sodium, ammonium, 
and potassium salts of the acetyl are prepared as with thyroxin. 
100 mg. of the acetyl are dissolved in 10 ce. of aleohol, to which 
are added 10 ce. of 30 per cent sodium hydroxide and 5 gm. of 
sodium acetate. The di-metal salt will separate in large, flat 
crystals if the aleohol is evaporated under diminished pressure. 
The temperature may be raised to that of boiling water without 
decomposition of the acetyl by the sodium hydroxide as no hydrol- 
ysis of the acetyl occurs under these conditions. If sodium chloride 
is substituted for sodium acetate in a solution similar to the one 
mentioned above and the alcohol is evaporated, the sodium salt 
of thyroxin separates in small plates. 

The barium and calcium salts of the acetyl are prepared by 
dissolving 25 to 50 mg. of the acetyl in the least possible amount 
of alcohol, 2 to 3 ec., adding water and 4 to 1 cc. of pyridine; the 
solution is boiled until the aleohol is volatilized, care being taken 
not to decompose the acetyl by prolonged boiling. To the pyri- 
dine solution of the acetyl a 40 per cent solution of barium or 


calcium chloride is slowly added, and the solution is heated to 
boiling. The alkaline earth salt of the acetyl will separate. It is 


readily soluble in an excess of pyridine. If the solution is heated 
for too long a time hydrolysis will occur. The salt may be filtered 
and washed without decomposition. 


3 In working with the acetyl, it is always necessary to dissolve the dry 


powder in alcohol before making it alkaline. Unless this is done, some of. 


the acetyl will spontaneously decompose during the solution of the powder 
in alkali. 


i 
| 
| 
t 
: 
| 
i 


326 The Chemical Identification of Thyroxin 


The reactions of thyroxin indicate that the molecule exists in 
both open- and closed-ring forms. The chemical properties of 
the acetyl are evidence that this derivative also exists in open- and 
closed-ring forms. The sodium salt of the acetyl washed with 
dilute acetic acid is completely hydrolyzed. When prepared in 
this way, however, its melting point is found to be 152°. When 
this material is dissolved in alcohol and added to boiling dilute 
sulfuric acid, the acetyl separates in closed-ring form, and the 
melting point is 238°. This suggests that in the sodium salt the 
acetyl exists in open-ring form, and hydrolysis of the sodium from ‘ 
the molecule leaves the open-ring structure. This is further 
eorroborated by analysis of the silver salt. 

Preparation of the Silver Salt of the Acetyl.—If the acetyl is 
dissolved in aleohol and then made alkaline with sodium hydroxide 
and the aleohol evaporated, the addition of ammonia and silver 
nitrate produces no precipitate. This is also true of thyroxin in 
the open-ring form. If 50 mg. of the acetyl are dissolved in 2 
to 3 ec. of aleohol, to which are added 2 to 3 ee. of pyridine and 10 
ee. of water, and the alcohol is removed by boiling, the addition 
of silver nitrate to the aqueous pyridine solution of thyroxin will 
cause a precipitate to form. This is not crystalline in nature, 
although under some conditions it may be possible to separate it 
in crystal form. “The silver salt may be filtered on a Buchner 
funnel and washed with water without decomposition. 


5.14 mg. of the silver salt of the acetyl contained 2.26 mg. of iodine 
= 44.06 per cent. 
Calculated for AgeC,;Hy.OsNI; iodine = 44.35 per cent. 


The iodine content of the silver salt of the acetyl indicates the 
addition of 2 per cent too much silver for the disilver salt of the 
open-ring form of the acetyl, and 220 per cent too much silver for 
the mono-salt of the closed-ring form. These results, proving 
conclusively that not one but two atoms of silver had added to 
the acetyl, show that in an alkaline solution the acetyl exists in 
open-ring form. 

The open-ring structure of the acetyl is also indicated by the 
increased solubility of the acetyl in weak bases suen as pyridine, 
quinoline, and very dilute ammonia. The terminal carboxyl in 
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thyroxin is so weak that the acetyl derivative would not be soluble 
in these reagents in the closed-ring form. 

Preparation of the Ureide—Only pure thyroxin should be used 
in preparation of the ureide for the same reasons given under the 
preparation of the acetyl. 100 mg. of disodium or zine salt of 
thyroxin are added to 10 to 15 ce. of glacial acetic acid containing 
200 mg. of potassium cyanate. Solution of the salt of thyroxin 
should be completed as the ureide is soluble in acetie acid. 5 ce. 
of water, 5 cc. of alcohol, and 5 ce. of 50 per cent sulfuric acid are 
added and the alcohol, water, and acetic acid are removed under 
diminished pressure, the same as in the preparation of the acetyl. 
The sulfate of the ureide is dissolved in 15 ce. of alcohol, filtered, 
and slowly added to a beaker containing 200 ec. of water and 5 cc. 
of 50 per cent sulfuric acid, which is heated to boiling. The ureide 
separates in crystal rosettes or needles. 


Sample 1. 4.78 mg. of ureide contained 2.91 mg. of iodine = 60.81 per cent. 
Calculated for = 60.67 per cent. 


Preparation of the Methyl Ester.—100 mg. of the silver salt of 
thyroxin are suspended in 20 ce. of aleohol to which are added 4 
to 5 ec. of methyl iodide. The crystals are occasionally stirred 
and allowed to stand at a temperature of 40 to 50° for several 
hours until decomposition of the silver salt is complete. This is 
indicated by separation of silver iodide in voluminous form. The 
silver iodide is removed by filtration. If the aleohol is allowed to 
evaporate, the dimethyl derivative crystallizes in the form of fine 
threads. They may be separated by formation of the sulfate 
similar to the preparation of the acetyl. 5 ec. of water and 5 cc. of 
50 per cent sulfuric acid are added to the alcohol filtrate from the 
silver iodide and the alcohol is removed by distillation under 
diminished pressure. The dimethyl derivative separates probably 
as the sulfate. It is insoluble in water, but soluble in alcohol. 
Treatment with alcoholic sodium hydroxide frees the carboxy] 
group, and the monomethyl] derivative is then slightly soluble in 
aqueous sodium hydroxide. The methyl ester is very difficultly 
purified and has not been prepared containing a theoretical per- 
centage of lodine. It appears to retain silver iodide even after 
repeated precipitation. 
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The Action of Nitrous Acid on Thyroxin.—-25 mg. of thyroxin 
dissolved in 2 cc. of dilute sodium hydroxide were added to the 
deaminizing chamber of the Van Slyke apparatus, and the usual 
procedure was followed, shaking for 3 minutes. 0.69 cc. of nitro- 
gen was evolved. The apparatus was allowed to stand 9 minutes 
and was again shaken for 3 minutes; 0.06 ec. of nitrogen was 
obtained, 4 minutes later it was again shaken for 3 minutes and 
0.04 cc. was obtained. The total, liberated in 22 minutes, 
showed 1.72 per cent amino nitrogen which is 72 per cent. of 
the total nitrogen contained in the molecule. 

Another 25 mg. sample of thyroxin, after 3 minutes shaking, 
liberated 0.75 cc. of nitrogen. This is equivalent to 1.60 per cent 
of amino nitrogen in the molecule and is 67 per cent of the total 
nitrogen. 

25 mg. of the amino carboxyl salt form of thyroxin suspended in 
2 cc. after 3 minutes shaking gave 0.08 ec. 10 minutes later, after 
3 minutes more shaking, 0.06 ce., and 10 minutes later, after 
3 minutes shaking, 0.04 ecc.; total amount liberated = 0.18 ce. 
which is equivalent to 0.093 mg. of amino nitrogen, and is 16 
per cent of the total nitrogen. 10 mg.of keto form of thyroxin 
suspended in 2 ce. of water gave no amino nitrogen. 

The amino nitrogen in 25 mg. of the acetyl was determined as 
deseribed above. After 3 minutes 0.11 e¢., and after 103 minutes, 
0.11 ce. more of nitrogen were liberated. The nitrogen in the 
amino form amounted to 24 per cent of the total nitrogen in the 
molecule. 

The nitrogen in isatin and indole, given off as amino nitrogen, 
was determined. 100 mg. of isatin after 4 minutes gave 1.72 ec. 
and after 5 minutes more gave 0.41 ec. of nitrogen. This volume 
was equivalent to 1.13 mg. of nitrogen and amounted to 12 per 
cent of the total nitrogen present. 100 mg. of indole gave 1.27 
ec, after 3 minutes, and 0.34 ec. of nitrogen after 4 minutes more 
shaking. This is equivalent ‘to 0.86 mg. and is 7 per cent of the 
total nitrogen in indole. 

Besides the action of nitrous acid on thyroxin liberating some 
of the nitrogen as amino nitrogen, a characteristic color reaction 
is produced. A few mg. of pure thyroxin, added to 5 ec. of aleohol 
containing three to four drops of 50 per cent hydrochloric to which 
are added five or six drops of 1 per cent sodium nitrite solution, 
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will develop a vellow color. This is increased by boiling. If the 
solution is cooled and concentrated ammonia is added until 
distinctly alkaline, a pink color is produced. This is a sensitive 
reaction for thyroxin, a distinct color being produced by one part 
of thyroxin in 40,000 parts of solution. If acetic or sulfurie acid 
is substituted for hydrochloric, the vellow color is not so deep 
and the addition of ammonia does not produce a pink color but 
gives a yellowish orange color. If the sample of thyroxin is im- 
pure, a vellow instead of a pink color is produced with ammonia. 
The acetyl and ureide derivatives give the same reaction, produc- 
ing a pink color with ammonia. 

The Pine-Splinter Reaction for Indole—From 15 to 20 mg. of 
thyroxin are placed in a test-tube with 5 ec. of 30 per cent sodium 
hydroxide and sufficient water to carry the thyroxin into solu- 
tion. As the excess of water is boiled off, thyroxin will precipitate 
as a disodium salt, but on further heating, after the water has been 
almost completely driven off and the temperature of the solution 
has been raised to between 100 and 200°, the disodium salt is 
again dissolved and a faint indole-like odor is given off. A pine- 
splinter moistened with hydrochloric acid is turned red by the 
vapors given off from the fusion. 

The Effect of Thyroxin on Polarized Light.—1 gm. of thyroxin 
was dissolved in 20 ce. of alcohol and 7 ce. of water containing 
300 mg. of sodium hydroxide. The solution was filtered and 
placed in a 2 dm. tube and its effect on polarized light was deter- 
mined. No rotation of light could be determined. The solution 
of thvroxin was then placed in a1 dm. tube. No rotation of the 
light could be determined. 

The Effect of Hydrazine on Thyroxin.—-lf thyroxin its added to 
hydrazine hydrate, it immediately dissolves. If water is added, 
thyroxin remains in solution. The addition of carbon dioxide 


precipitates thyroxin as the amino carbonate. If the solution of. 


thyroxin in the hydrazine hydrate is boiled after the addition of 
water, thyroxin precipitates as from ammoniacal solutions. No 
condensation with hydrazine, phenylhydrazine, semicarbazone, 
or hydroxylamine could be demonstrated when thyroxin was 
dissolved in alkaline alcohol to which these reagents were added, 
in acid alcohol to which these reagents were added, together with 
sodium carbonate or pyridine, or when dissolved in pyridine to 
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which the reagents were added. Either decomposed products due 
to heating at too high temperature or unchanged thyroxin were 
recovered. | 

The Melting Points of Thyroxin and Its Derivatives—~The fol- 
lowing melting points of thyroxin in its several forms and its 
derivatives are recorded to illustrate the agreement between 
different samples (Tables I to IX). It is evident that among 
some of the derivatives fairly large variations occur, but between 
any two different forms the differences are much greater than 
that found between the melting points of two samples of the 
same derivatives. | 

The following salts of thryoxin and its derivatives were not 
melted when heated to 260°: di- and monosodium salt of thyroxin; 
di- and monopotassium salt of thyroxin; barium salt of thyroxin; 
disilver salt of thyroxin; disodium salt of acetyl; disilver salt of 
acetyl; calcium salt of acetyl. 


TABLE I. 
The Melting Point of the Keto Form of Thyroxin. 


— 


No. of sample. | ll | | | | Froth. 
125 | | — 250 
m4 | 247 
81 | | 
| 242 243 
| 241 242 242 
115 : | | 230 242 242 
| | 239 241 241.5 
117 | 241 
97 | | 241 
| 241.5 
80 | | 240 
59 | 240.5 
51 | 240 
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No. of sample. | | | | | Froth. 
40 190 | 
44 | 208 
4G 170 | | 204 
55 1600 190 | 200 | 22 | 204 

180 | 198 | 206 208 | 208 
170s 200 202 | 203 
| | 203 205 


No. of sample. | 


129 
114 


No. of sample. | 


S86 
SS 
S9 
100 
105 
112 
113 
11S 
120 
121 
127 


130 
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TABLE ITI. 
The Melting Point of the Enel Form of Thyroxin. 
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TABLE IIT. 
The Melting Point of the Amino Hydrate Form. 


Completely | 


Slight Sublime or First 
melted. 


mist. droplets. 


browning. 


212 


214 | 216 
| 


TABLE IV. 


The Melting Point of the Amino Carboxryl Salt Form. 
Slight - Sublimeor | First | Completely Froth. 
browning. mist. droplets. | melted. 
| 219 | 220 
| 
| | | 216 218 219 
| | | 219.5 221 222 
223.5 
222 223 223.5 
216 220 221 
217 221 | 223 
221 224 
| 222 224 | 225 
| 218 222 
| | 225.5 | 226 
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TABLE V. 
The Melting Point of Acid Salts of the Amino Group. 


Amino sulfate........ | S3 | 182 | 207 


| | | 
| | | 205 


No. of sample. | 


of 
30) 


No. of sample. | 


27 
20 


No. of sample. 


| 180 | 202 | 204 


Com 
Slight Sublime | First | pletely 


No. of | 
| brow ning. or mist. | droplets. melted. 


sample. 


208 
| 202 | 204 
| 103 180 207 

180 | 206 207 


205 


160 | | | 204 
| 205 


TABLE VI. 
The Melting Point of the Acetyl. 


Slight Sublime or First | Completely | Froth 
browning. mist. | droplets. melted. | 


| | 


| 


215 223 


TABLE VIL. 
The Melting Point of the Sulfate of the Acetyl. 


Slight | 


Sublimeor | First | Completely | 


204 


206. 


| 204 
| 205 
208 


208. 
208 


208 
| 
| 


206 


230 
236 
232 


Froth. 


browning. mist. droplets. melted. 
| 122 | 190 
| 
TABLE VIII. 
The Melting Point of the Acgtyl in Open-Ring Form. 


Slight Sublime or First | Completely | 


Froth. 


browning. | mist. droplets. | melted. 
| | 155 | 155 


4 
Froth 
D 
| 
102 
‘carbonate... S7 160 204 | | 
q 
1] 146 152 216 
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TABLE IX. 
The Melting Point of the Ureide. 


First Completely Froth. 


melted 


Slight  Sublimeor | 
No. of sample. | browning. | mist. | droplets. 
| 


21 


SUMMARY. 


The most important physical and chemical properties of thyroxin 
may be summarized as follows: 

1. Thyroxin is a colorless, odorless, crystalline substance, in- 
soluble in aqueous solutions of all acids ineluding carbonic. It is 
soluble in sodium, ammonium, and potassium hydroxides, and is 
very slightly soluble in sodium and potassium carbonate. Besides 
forming salts with metals, thyroxin also forms salts with acids. 

2. The iodine content of thyroxin and the iodine content of the 
sulfate salt were found to be 65 and 60 per cent respectively. This 
established the molecular weight of 585. Ultimate analysis and 
a study of the derivatives of thyroxin show the structural formula 
to be 4, 5, 6 tri-hydro-t, 5, 6 tri-iodo,-2 oxy,-beta indolepropionic 
acid. 

3. In the presence of alkali metal hydroxides, thyroxin forms 
di-basie salts through the carboxyl and hydroxy groups. In the 
presence of carbonates, thyroxin forms mono-basic salts with the 
carboxyl group alone. The imino group forms salts with mineral 
and formic acids but not with acetic. The salts of mineral acids 
are soluble in aleohol, but no acid salt of thyroxin is appreciably 
soluble in water. Thyroxin forms derivatives through the imino 
nitrogen, such as the acetyl and ureide, and through its carboxyl 
and hydroxy groups, such as the dimethyl] derivative. 

4. Thyroxin exists in four distinct forms: (1) The keto form 
with the imino carbonyl groups, melting point 250°; (2) the enol 
form inwhich the hydrogen migrates from the imino to the car- 
bonyl forming the hydroxy group, melting point 204°; (3) an open- 
ring form in whichthe elements of water enter the molecule 
between the imino and carbonyl groups forming an open-ring 
structure with amino and carboxyl groups, which exist in salt 
formation, called the amino carboxy] salt form, melting point 225°; 
and (4+) a tautomerie form of this in which the elements of water 
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add to the nitrogen making the amino hydrate form, melting 
point 216°. If an acid is added to an enol form of thyroxin, the 
ring opens and the acid forms an amino-acid salt. The reason 
why weak organic acids including carbonic can add to the nitrogen 
of thyroxin-forming amino salts is because the ring is unstable in 
neutral aqueous solutions and the nitrogen tends to exist in the 
pentad state adding either the elements of water and forming an 
amino hydrate, or adding a carboxyl and forming an amino salt. 
These reactions could occur only with a strongly basic group. 
The amino group of analine and the imino group of indole or isatin 
are too feebly basic to react the same as thyroxin with weak 
organic acids. 

5. Thyroxin is not easily oxidized or reduced, but will yield to 
both oxidation and reduction if sufficiently strong agents are used. 

6. In alkaline solutions the iodine is broken off from the thyroxin 
molecule not as free iodine but as hypoiodous acid. This re- 
action is accelerated by sunlight. Sunlight also produces pink 
color compounds from the colorless thyroxin molecule. 
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CARBONIC ACID AND CARBONATES IN COW’S MILK. 


By LUCIUS L. VAN SLYKE anp JOHN C. BAKER. 


(From the Chemical Laboratory of the New York Agricultural Experiment 
Station, Geneva.) 


(Received for publication, July 26, 1919.) 


The amount of carbonic acid present in cow’s milk has been 
the subject of several investigations.'> The results reported by 
these investigators vary from 1.84 to 7.65 per cent of COs by 
volume. It is not necessary to review the methods which have 
been emploved to obtain the COs. from milk for measurement 
farther than to say that they have varied from extraction by 
means of a vacuum pump to expulsion by heat and have been 
more or less open to inaccuracy; nor is it Important to consider 
previous methods used in measuring the amount of COs. 

The results of our work are presented under the following 
divisions: (1) determination of COs in milk; (II) relation of 
pasteurized milk to COs; (III) the form in which COz exists in 
milk; (IV) the tension of COs in milk. 


IT. Determination of in Milk. 


In measuring the amount of COz2 in milk, we have used Van 
Slyke’s method®? in the determination of CQO. in blood plasma, 
with certain modifications required to adapt the method to con- 
ditions present in milk. 


‘ Hoppe, F., Virchows Arch. path. Anat. u. Physiol., 1859, xvii, 417. 

* Setschenow, Z. ration. Med., 1861, x, 285. 

° Pfliger, E., Arch. ges. Physiol., 1869, 11, 166. 

‘ Thorner, W., Chem. Z., 1894, xviii, 1845. 

> Marshall, C. E., Michigan Agric. Exp. Station, Special Bull. No. 16., 
1902. 

’Van Slyke, D. D., J. Biol. Chem., 1917, xxx, 547. 

* Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., W917, xxx, 291. 
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Our method of procedure will be described under the five heads 
following: (1) drawing milk from cow’s udder; (2) sampling the 
milk drawn; (3) determination of COs; (4) results obtained with 
different mulks; (5) determination of COs in milk. by exhaustion. 

1. Method of Drawing Milk.—In order to prevent loss of CQ, 
it is of primary importance to have under complete control the 
method of drawing from the cow’s udder the sample of milk in 
which CO, is to be measured. We have found the following 
method satisfactory: A silver milking-tube is inserted into the 
teat and the milk flows readily from the udder through this tube. 
To prevent the milk from coming into contact with the air, it 
is collected in a 100 cc. cylinder provided with a close fitting 
two-hole rubber stopper. Through one hole passes a glass tube 
extending to the bottom of the cylinder, and this tube is con- 
nected at its upper end by rubber tubing with the milking-tube. 
Passing through the second hole of the rubber stopper is a short 
glass tube which serves as an outlet for the air in the cylinder 
while it is being filled with milk. With this arrangement, the 
milk flows slowly and quietly into the cylinder without exposure 
to the air. The cylinder fills from the bottom upward, dis- 
placing the air until the milk fills the cylinder completely or even 
to shght overflowing. If desired, the surface of the milk can be 
protected from the air by a layer of thin paraffin oil but we have 
not found this necessary. 

2. Taking Sample for CO. Determination.— It is essential that 
the samples for the determination of COs. be taken from the 
evlinder as soon as practicable after the milk is drawn from the 
udder, because, on standing, the rising of the fat-globules to the 
surface changes the composition of the different layers of milk, 
and also there may be diffusion of the CO. from the upper sur- 
face if the top of the eylinder is not entirely filled with milk. 
The best method of taking the sample from the eylinder is the 
following: One end of a 2 ec. pipette is connected to the tube 
leading to the bottom of the eylinder. Then one blows into the 
short tube, foreing the portion of milk last drawn from the udder 
to flow into the pipette until the milk overflows from the pipette, 
displacing all the air. The sample then passes from the lower 
part of the eylinder into the pipette without exposure to the air, 
without loss of COs, without being subject to appreciable change 
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of pressure, and without disturbance of the body of the milk 
in the cylinder. It has been found that the portion of milk 
first drawn from the udder and occupying the upper portion of 
the eylinder does not fairly represent the COs content of the 
entire milking. 

3. Determination of COr.—The 2 ce. sample of milk is run into 
the Van Slyke CQO. apparatus. Only slight modifications are 
required in the method as deseribed by Van Slyke. We find that 
5 per cent sulfuric acid and other mineral acids coagulate the 
milk and the coagulum interferes with the operation by clogging 
the apparatus, making it difficult to remove the CO. completely 
from the mixture. Concentration of such acids greater than 5 
per cent was also found unsatisfactory. As the result of numer- 
ous experiments with different acids and concentrations, we find 
that a 20 per cent solution of lactic acid obviates all difficulties 
and meets all requirements, dissolving the casein quickly and 
completely and giving the same corrections as apply to the use 
of 5 per cent sulfuric acid. In all our work here reported, the 
amount of CO. was determined by absorption with a 5 per cent 
solution of NaOH instead of making a correction for inert gases. 
The results are the same by either process. 

4. Results Obtained with Different Milks.—In Table I we give 
the results furnished by the examination of twenty-five samples 
of cow’s milk, drawn from the individual quarters of the udder. 
In addition to the amount of CO, in the milk, we give in each case 
the pH value and also the titration value expressed as ec. of 
alkali required to neutralize 100 ec. of milk to phenolphthalein. 
The results are arranged in the order of the pH values. 

A study of the data embodied in Table I leads to the follow- 
ing statements: 

1. With the increase of the value of pH, that is, with decrease 
of hydrogen ion concentration, there is a general tendency for 
the CO. content of the milks to increase and for the degree of 
acidity, as measured by titration, to decrease. This is not so 
marked between the pH values of 6.50 and 6.65 as it is above 
pH 6.65. Below pH 6.65, the COs content varies between 7 and 
10 per cent, while above pH 6.65 it increases somewhat uni- 
formly from 12 at pH 6.70 to 86 at pH 7.16. 
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2. The acidity, as measured by titration, varies below pH 
6.65 more or less irregularly between 16 and 20 ec. of 0.1 N alkali 
per 100 ec. of milk, while above pH 6.65, the values decrease 
quite uniformly from 16 down to 4 ce. 

3. In comparison with the values obtained by other workers, 
our lowest CO: values are about equal to, or higher than, the 
highest values previously reported. Thus, the highest figure 
heretofore published is 7.65 per cent of COs by volume, while 
most of our values range from 8 up to 56 per cent in milks which 


TABLE I, 
Amount of in Cow's Milk. 


0.1 N alkali N alkali re- 


percent | ce, per cent | ce, 
9 | 6.62 17.2 
10 643 | 1.0 
4: 10 665 16.6 
6.55 | 1S | 6.82 13.0 


appeared by ordinary inspection to be normal. In the milks 
examined by us which were known to be normal, the value most 
frequently found is about 10 per cent. However, our work has 
not been sufficiently extensive as yet to enable us to indicate 
positively a general average figure or an average range for nor- 
mal milk. 

5. Determination of COs in Milk by Exhaustion.—It was de- 
sirable to ascertain whether it is possible to remove the CO. com- 
pletely from milk for determination simply by vacuum exhaustion. 
We have found that this can be done by observing certain pre- 
eautions. The milk must be spread out in a thin layer during the 
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exhaustion. We placed 10 ec. of milk of the usual reaction (pH 
6.5 to 6.65) in a 200 ce. separatory funnel and exhausted this for 
2 minutes, turning the funnel end over end slowly in order to 
spread the milk in a thin layer over the interior surface of the 
funnel as completely as possible. Air was then admitted and 
the exhaustion repeated, after which the determination of CO» 
in the sample was made.°* 

Another portion (100 cc.) of the same milk was then placed in 
a 200 cc. separatory funnel and inverted. This was exhausted 
for 1 hour without any agitation of the milk, after which the 
amount of CO», in the sample was determined. We give the re- 
sults of the two experiments in Table IT. 


TABLE II. 
Results of Removal of CO, from Milk by Vacuum Exhaustion. 


os , After exhaustion without After exhaustion with agitation 
Original milk. agitation, in a thin layer. 
pH value. pH value. (COsby volume.) pH value. by volume. 
| 
per cent | | per cent per cent 
6.54 | 10 | 6.07 ) +4 6.60 0.0 
9 7.06 | 0.0 


These results make prominent certain points, as follows: 

1. The COs of milk can be completely removed by vacuum 
exhaustion, as shown by the results given in the last column of 
Table II, provided the milk is agitated and kept in a thin layer, 
the amount of milk used being small enough to permit control of 
these conditions. If the milk subjected to exhaustion is not agi- 
tated and exposed in a thin layer, the COe is not completely 
removed, as shown by the results given in the fourth column of 
Table II. In previous work done by others, in which vacuum 
exhaustion was relied upon to remove the COs from milk, the re- 
moval was incomplete, owing to failure to observe the conditions 
required for complete exhaustion, as in the case of the results 
reported by Setschenow? and by Marshall.’ 


>Cullen, G. E., J. Biol. Chem., 1917, xxx, 369. 
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2. The removal of CO. from milk results in an increase in the 
value of pH, that is, a decrease in the hydrogen ion concentration 
or, stated in another way, the milk becomes less acid, though to 
an amount that cannot be made appreciable by titration in nor- 
mal milks. In the first sample in Table II, the original milk, 
containing 10 per cent by volume of CO, has a pH value of 6.54, 
which increases to 6.57 when the CO: is reduced to 4 per cent, 
and which increases farther to pH 6.60 when the COs is completely 
removed. 


II. Relation of Pasteurtzed Milk to COs. 


The observation stated in the preceding paragraph led us to 
make a study of some results which we had obtained in another 
investigation relating to the effect of pasteurization upon the re- 
action of milk. We had noticed that pasteurization, if properly 
performed, is without observable effect in changing the hydrogen 
ion concentration of milk. Our experiment was repeated with 
the modification that the COz was completely removed from the 
milk by exhaustion before heating. The two experiments gave 
results as recorded in Table ITI. 

TABLE III, 
Effect of Removal of CO, on Reaction of Pasteurized Milk. 


Before removal of COs. | After removal of COs. 


| After heating at 63°C. 
for 15 min. 


After heating at 63°C. 


Before heating. for 15 min. 


Before heating. 


| COsby | COs by 3 by 
pH value. | volume. pH value. volume, | | DH value. volume. pi value. | volume. 
per ied | | per cent | per cent | | per cent 


In studying the results of these two experiments, we notice: 

1. In the milk in which COs, is not removed before heating, 
the pH value remains the same before and after heating, even 
though the per cent of COs» is deereased by the heating from 10 
to 2 per cent. 

2. In the milk in which COs is completely removed by ex- 
haustion before heating, the pH value decreases from 6.60 to 
6.56, that is, the hydrogen ion concentration increases appreciably. 
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3. We have not yet carried our work far enough to furnish an 
explanation of the fact noted, but the inference appears justified 
that some chemical change occurs in the milk during pasteur- 
ization which results in an increase of hydrogen ion concentra- 
tion, when (Oz is absent, but that in the presence of COs, any 
change in the hydrogen ion concentration is, in some way not 
yet known, masked or offset by the loss of COe which escapes 
from the milk during heating. 

4. The decrease of COz in pasteurized milk suggests that the 
COs content of milk might be made the basis of a method for dis- 
tinguishing pasteurized from normal milk. We are doing ad- 
ditional work in order to determine the limits of effectiveness of 
such a method. 


ITI. Form in which COz Exists in Milk. 


It has been generally assumed that CQO, exists in milk as un- 
combined carbonic acid. From the fact that the reaction of 
milk is less acid than that given by a corresponding solution of 
COs in water, it appears probable that the CO, in milk is present 
in part as carbonic acid and in part as bicarbonate. To deter- 
mine the proportion of COs existing in milk as carbonic acid and 
as bicarbonate, two methods are available; (1) by calculation 
based on the application of the law of mass action, and (2) by 
direct determination. The results obtained by either of these 
methods can be regarded as only approximate, owing to the high 
dilution of COs in milk. 

1. Calculation Based on Application of the Law of Mass Action.— 
In a solution containing HoCO; and RHCQOs;, there exist in 
aecordance with the law of mass action definite quantitative 
relations between the hydrogen ion concentration of the solution 
and the relative amounts of HeCQO,;. These relations are ex- 
pressed by the following equations: 

_ H.CO, 

in which @ is the degree of dissociation of RHCOs; into R* and 
HCOs, and K is the ionization constant of HeCO;. From the fore- 


H.CO 
going, we have RHCO. = - Therefore, to determine the ratio 
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between bicarbonate and carbonic acid, we need only to know 
the values of K, C,, and for RHCO; (as NaHCO ;). According 
to Michaelis and Rona,’ K equals 4.4 & 1077; the C,; value of 
average milk is about 0.25*107°; the value of a@ is difficult to 
determine with more than an approximate degree of accuracy 
under the conditions present in milk, but by a method similar to 
that of Michaelis and Rona, we obtain a value which makes 
the ionization of the bicarbonate in milk about 80 per cent. 
Applying these values in the equation, aoe = — we have 
0.80 X 0.25 x10 10 ‘Os ex; 

44 x 1077 = 99 This result means that the (Os exists 
in milk in approximately the relation of one part of HeCOs for 
two parts of bicarbonate, or that one-third of the CO» exists as 
H.CO; and two-thirds as bicarbonate. 

2. Proportion of Bicarbonate Acid and Bicarbonate Determined 
by Experiment.—The second method of ascertaining the pro- 
portion of CO, in milk present as carbonic acid and bicarbonate 
is based on the isohydric principle. A solution of carbonate con- 
truuining a molecular concentration equal to that of milk would, if 
adjusted to the same hydrogen ion concentration, have approx- 
imately the same relative proportions of carbonic acid and_ bi- 
carbonate. Miulk is approximately a 0.01 N solution of HeCQOs. 
In carrving out the details of our experiment, we dilute 10 ce. 
of a 0.1. N solution of NasCO; to 100 cc. with water free from COs. 
Then we add a solution of 0.1 N HC] until the reaction is the same 
as that commonly found in milk (C,, 0.25x107°). This re- 
quires 6.6 ce. of the acid. Of the 6.6 ce. of the 0.1 ~ HC] thus 
required 5 ce, are used to change NacCO; into NaHCQs, leav- 
ing of N HCI to act upon the NaHCOs and form HeCQOs. 
In changing the 100 ce. of 0.0L N NaeCOs solution into NaHCQOs, 
the resulting 100 ec. of 0.01 N NaHCO; has only one-half the 
neutralizing power of the NasCQOs; ‘solution. Therefore, 1.6. ce. 
of O.1 N HCl] neutralizes 3.2 ce. of the 100 ec. of O.OL N NaHCO, 
solution, forming 32 ec. of O.OL N HeCOs, and leaving 68 ec. of 
0.01 N NaHCOs. These results furnish the ratio, 32 HeCO 3: 6S 
NaHCoQOs, or, approximately, the ratio of 1:2; that is, one-third 


Michaelis, L., and Rona, P., Biochem. Z., 1914, Ixvi, 182. 
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part of the CQO, exists in the solution as HeCO, and two-thirds as 
NaHCOs, a result which is in close agreement with that obtained 
by application of the law of mass action. 

In this connection it is interesting to note that Marshall 
states that COs, is not completely removed from milk bv his 
method of vacuum exhaustion, owing, as he seems to think, to 
a slow gencration of (QO. in the milk. This is readily explained 
by the presence of bicarbonate in milk, which gradually gives 
up its (Os. under reduced pressure as a result of the reaction of 
bicarbonate with some of the salts contained in milk. 


IV. The COs Tension in Milk. 


The COe tension in milk is about the same as in most fluids of 
the animal body. Using MeClendon’s chart'’ we find by extra- 
polation of values that the CO, tension at 20°C. of a 0.01 N sol- 
ution, pH 6.6, is approximately equal to 50 to 55 mm. of mercury. 
It is a matter of interest to notice that the COs, tension of blood 
under the conditions is given by him as 47 mm. Comparing this 
with the value for milk, one would expect a lower value in blood, 
because the latter is exposed to air in the lungs and, therefore, 
subject to loss of CO». by removal. 


SUMMARY. 


1. Milk is drawn from the cow’s udder into a 100 ec. cylinder 
so as to fill the cylinder from the bottom upward, thus avoiding 
mixture with air or loss of (OQ».. For the determination of COs, 
2 cc. of milk are forced from the cylinder into the Van Slyke 
COs apparatus without loss of COs. A 20 per cent solution of 
lactic acid is used to free the COs in carbonates. 

2. In the case of twenty-five samples of milk drawn from sep- 
arate quarters of the udder, the COs varies from 7 per cent by 
volume to 86 per cent; the pH value varies from 6.50 to 7.16, in a 
general way increasing with the COs content; the degree of acidity, 
as measured by titration, tends to decrease with increase of CO» 
content. In comparison with the results of other workers, the 
results obtained by us are higher. The COs content of normal 
milk appears to be about 10 per cent by volume. 


10 McClendon, J. F., J. Biol. Chem., 1917, xxx, 274. 
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3. It is possible to remove COs. from milk completely by 
racuum exhaustion provided the milk is spread in a thin layer 
and kept in motion. 

4. When milk is pasteurized, the COs, content is decreased, 
but the pH value remains unchanged. However, if the CO: is 
completely removed before pasteurization, then the pH value 
appears to decrease slightly after pasteurization. 

5. CO, exists in milk as HeoCO; and as biearbonate, probably 
NaHCQOs, the ratio being about one part of HeCO; and two parts 
of NaHCoOs. 

6. The COs. tension in milk is calculated to be about equal to 
50 to 55 mm. of mereury at 20°C. in case of a O.OL NS solution with 
a pH value of 6.60. 
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CONDITIONS CAUSING VARIATION IN THE REACTION 
OF FRESHLY-DRAWN MILK. 


By LUCIUS L. VAN SLYKE ann JOHN C. BAKER. 


(From the Chemical Laboratory of the New York Agricultural Experiment 
Station, Geneva.) 


(Received for publication, July 26, 1919.) 


The most sensitive method of measuring the reaction of milk 
is by measurement of the hydrogen ion concentration. This 
method has been employed by several investigators’? in connec- 
tion with the study of milk and it has been utilized in the work 
here presented. 

The results of previous investigations show cow’s milk, when 
freshly drawn, to have a reaction, expressed in terms of pH values, 
varying from 6.39 to 6.81, the range in most cases being between 
6.50 and 6.65. 

It appeared to us desirable to ascertain the extent of variation 
in large numbers of milks obtained directly from cows and to learn 
further, if possible, the causes of such differences. The results 
of our work will be discussed under the following headings: (1) 
Extent of variation of reaction in cow’s milk, (2) variation in dif- 
ferent quarters of the udder, (8) relation of reaction of milk to 
composition, (4) effect of abnormal conditions in the udder. 


Extent of Variation of Reaction in Cow’s Milk. 


In undertaking to establish in our own experience the extent to 
which the reaction of fresh milk varies, we measured the hydrogen 
ion concentration in over 300 samples obtained from two herds of 


‘van Dam, W., Rev. gén. Lait, 1908, vii, 121. 

2 Allemann, O., Biochem. Z., 1912, Ixv, 346. 

Taylor, H. B., J. Proc. Roy. Soc. N. S. Wales, 1913, Ixvul, pt. 2, 174. 
* Davidsohn, H., Z. Kinderheilk., 1913, ix, 14. 

*Clark, W. M., J. Med. Research, 1914-15, xxxi, 431. 

® Milroy, T. H., Pharmacoi. J., 1914, xciii, 350. 

7 Foa, C., Compt. rend. Soc. biol., 1904, lix, 51. 
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a j cows; one was a herd of Jerseys and the other of Holstein-Friesians. 
By The samples used in our work were drawn separately from the in- 
4 : dividual quarters of the udder and the reaction was determined 
| in each. In obtaining the samples, the first few streams of milk 
2 were thrown away and then enough more was drawn for use in 
4 if our experiments. ‘The results do not, therefore, represent the com- 
a plete miiking of the entire udder but only the foremilk of each 
a ' quarter of the udder. The use of milk from individual quarters 
q 4 of the udder gives a greater variation in results than would be 
a ‘ found if we used only samples representing the mixed milk of a 
a complete milking of the entire udder. The use of the foremilk 
a ; is very convenient for our purpose and is justifiable, since in our 
. experience the reaction rarely changes appreciably in normal milks 
a in portions successively drawn during milking, provided there is 


no excessive disturbance of the udder. 
In Table I we give summarized results of our work with over 


f 300 samples of milk, the reaction being stated in terms of pH 
values. 
TABLE 
3 © o © | | Tots 
2 “ee ° otal 
} & | ofsam- 
o | © s ples. 
Herd 1..! Number of samples. (78 35 (23 '6 |2 158 
Per cent of total. (22.9115 | 4.6) 3.9) 1.3) 1.3) — 
ae Herd 2... Number of samples. 61 32 27 15 |9 |6 | 5 155 
Per cent of total. 39.420.617.4 9.7 5.8 3.9 3.20 — 


2 We 


The samples of milk from the two herds of cows show quite as 
wide a range of hydrogen ion concentration as we have found in 
our entire experience up to the present time, working with a great 


: i variety of milks, though it is probable that somewhat wider vari- 
a ations may occur. Our resuits indicate that the reaction of fresh 
4 normal milk, expressed in terms of pH values, lies between 6.50 
; i and 6.75 or 6.80. In Herd 1, 136 samples, or nearly 90 per cent 


q A of all the samples, and in Herd 2, 120 samples, er over 77 per 
! cent, are below pH 6.76, that is, an average of 83 per cent of all 
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the samples examined for these two herds. These figures are in 
agreement with results previously published, except that we find 
a small proportion of milks which are less acid, the pH values 
reaching as high as 7.2. We usually find that milks of such ab- 
normally low acidity are sufficiently normal in appearance to pass 
the ordinary methods of market inspection when mixed in the 
commercial supply with other milks that are normal. The wide 
range of values obtained by us is doubtless due to the fact that 
the samples of milk used in our work represent individual quarters 
of the udder and not the complete mixed milk drawn from the 
entire udder at one milking. The mixed milk of a herd shows 
still smaller variation than that from single cows. 


Variation of the Reaction of Milk in Different Quarters of the Udder. 


It is a matter of interest to show at this point to what extent 
milk drawn from different quarters of a cow’s udder may vary in 
reaction. In Table II we give results obtained with twenty cows. 
The hydrogen ion concentration in these samples was determined 
approximately by means of brom-cresol purple used as an indi- 
cator, as described on page 364. The results are given in two forms. 
The range of pH values from 6.50 to values above 7 1s divided into 
seven groups, indicated by number, and after each such group 
number there is given in parenthesis the corresponding range of 
specific values. 

A study of the tabulated data suggests the following points of 
interest. 

1. The reaction found to be the more common is that show- 
ing the higher acidity. Out of the 80 samples of milk drawn from 
the quarters of the udders of the twenty cows used in the work, 
39, or nearly 50 per cent, are in Group 1, showing the highest 
acid reaction (pH 6.50 to 6.60); 21, or over 26 per cent, are in 
(iroup 2 (pH 6.60 to 6.68); 14, or over 17 per cent, are in Group 
3 (pH 6.68 to 6.76); these three groups contain 92.5 per cent of 
the total. Group 4 (pH 6.76 to 6.84) contains three samples, 
while the least acid groups, 5, 6, and 7, contain only one sample 
each, 

2. These results indicate that the hydrogen ion concentration 
of normal mixed milk, when fresh, is that representing the most 
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acid reaction found by us (pH 6.50 to 6.60), the variations being 
in the direction of decreased acidity. 

3. Comparing the different quarters of the udder in individual 
cows, we find that there are only four (Nos. 16, 19, 20, 14) in which 
the reaction is the same in all quarters; and in these cases the re- 


TABLE II. 


Results Showing Variation in Reaction of Milk Drawn from Different 
Quarters of Udder. 


Quarter of udder. 
‘ 
ee Right front. Left front. Right hind. Left hind. 
Cow No. | | 
pH pH | pH pH 


(6.50-6.60) 


(6.506. 60) 


(6.50-6.60) 


14 (6. 60-6. 68 ) (6. 60-6. 68 ) (6. 606.68 ) (6. 60-6. 68 ) 
2 (6. 50-6. 60) (6.50-6. 60) (6.50-6. 60) 
13 (6. 50-6. 60) (6.60-6. 6S ) 
sé sé sé sé 


(6.68-6.76) 
(6.60-6.68) 
(6. 68-6. 76) 
(6. 60-6. 68 ) 
(6.50-6.60). 
(6. 68-6. 76), 
(6.50-6.60) 


(6.60-6 
(6.68-6.76) 
(6.50-6.60) 
(6.60-6. 68) 
(6.506. 60) 
(6.686. 76) 


(6.60-6 68) 
(6.68-6. 76) 
(6.50-6. 60) 


sé 


(6.68-6. 76) 
(6. 84-6 .92) 
(6. 60-6. 68) 
(6.68-6. 76) 
(6.50.60) 


sé 


(6.600. 68 ) 


(6.60-6.68)) 2) (6.60-6.68) (6.50-6.60) 3) (6.68-6.76) 
| 6.68-6.76)}1; “ (6.60-6. 68) 
17 (6.68-6.76) (6.60-6.68) (6.68-6.76) (6.50-6.60) 


(6.608-6. 76) 
(6.764. 54) 


(6.76.84) 
(6. 50-4. 60) 


(6.50-6.60) 


ae +s 


(6.68-4). 76) 


7 6606.68) 6.50-6.60) 6 | (6.92-7.00) 
3 (6.50-6.60)| 2) (6.60-6.68) 7 (7.00-7.20)| 4| (6.76-6.84) 


action is that of the most acid groups, 1 and 2. In another ex- 
amination of the same twenty cows, ten individuals were found 
to give a uniform reaction in the milk from all quarters, eight 
showing pH 6.50 to 6.60 and two, pH 6.60 to 6.68. In Table II 
the milk of only five animals (Nos. 12, 11, 18, 7, 3) departs 
markedly from the normal reaction, and in these cases the ab- 
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normal condition appears in only six of the twenty individual 
quarters. 

4. While it is not the purpose of this article to discuss in detail 
the causes of these observed variations in reaction in the milk 
from the different quarters of the udder, we may state in passing 
that such variations must be due to some physiological condition 
of the animal, either a specific bacterial infection of the udder or 
a more general constitutional condition, such as variation in 
base and acid relations in the blood stream. 


Relation of the Reaction of Milk to Composition. 


Attention has been called to the fact that the reaction most 
commonly prevalent in freshly-drawn milk is the one that is most 
acid, and that the variation is all in the direction of decreased 
acidity; and, further, that the number of samples in which the 
acidity decreases is found to fall off rapidly with the greater de- 
crease of acidity. 

It was desired to ascertain, if possible, some of the conditions 
under which decrease of acidity occurs. Our attention was first 
turned to a study of possible relations that might exist between 
changes in reaction and changes in composition of milk. We 
made analyses of several samples of freshly-drawn milk in the case 
of cows which had previously been found to give milk varying 
noticeably in reaction from normal. Each sample of milk was 
drawn from one quarter of the udder, the entire contents being 
drawn, except in certain cases to which attention is called. All 
the samples were from cows whose milk was going into the local 
market supply. There was nothing abnormal that was observ- 
able in the appearance of the milk or of the cows, except that the 
milk with the least acid reaction had the characteristic bluish ap- 
pearance of what we commonly call ‘‘thin”’ or ‘‘ poor’’ milk. 

The results are given in Table III, the analyses being arranged 
in the order of pH values, beginning with the most acid. 

An examination of the data in Table III suggests that there are 
certain points of correspondence between the reaction of milk and 
the composition. 

We observe that, with a decrease of acidity, there is a marked 
tendency toward a decrease in the specific gravity and in the per- 
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centage of total solids, fat, solids-not-fat, casein, and sugar; but, 
on the other hand, an increase in albumin and proteins other than 
casein, and in the ash and also in the chlorine. There is, further, 
as we have shown in another article (p. 338) an increase in COs 
content with decrease of acidity. 


TABLE III, 


Results Showing Reaction of Milk in Relation to Composition. 


| | | 

| per cent per cent per cent per cent per cent per cent per cent per cent 
1 6.53 12.81 4.50) 3.21. 2.55 | 0.66 4.60 0.70 | 0.69. 1.029 
2 (6.56 12.07 3.60 3.32 2.56 0.76 4.60 0.65 | 0.12 | 1.031 
6.58 14.57 5.40 3.60 2.75 0.85 | 5.10 | 0.72 | 0.10 | 1.032 
4* 6.60 13.30 3.80 3.31, 2.62 | 0.69 5.20 | 0.69 | 0.11 | 1.030 
5 6.70 12.10 3.60 3.21 2.50 0.71 | 4.40 | 0.86 | 0.13 | 1.030 
6.80) 13.29 4.30) 4.49 | 2.54 3.70) 0.71 | 0.14 | 1.028 
7 6.85 13.74 5.40) 3.00) 2.20) 0.80) 4.50 | 0.81 0.14 | 1.030 
(691 9.41 1.20 3.02 2.05 097 4.16 0.79 0.14 1.030 
9 (6.95 10.58 2.40 3.14 2.05 1.09 3.80 | 0.83 | 0.16 1.030 
10 6.96 10.48 3.40 2.45) 1.69 0.76 | 3.80 0.83 0.14 | 1.026 
11 6.98 10.41 2.80 2.80 1.79) 1.01 4.00) 0.15 1.027 
7.00) 12.42 5.65 2.73 1.63 1.10 | 3.20 0.84 | 0.18 1,022 
13. | 7.04) 10.10 2.20 | 3.23 2.26 | 0.97 | 3.70 | 0.84 | 0.16 | 1.030 
14* 7.06 8.85 2.80 2.64 1.50 1.14 2.60 0.91 0.22. 1.021 
15 7.15 | 9.13) 2.10 | 3.14 | 1.71 | 1.43 | 3.00 0.89 0.21 1.026 


*The sample was the last portion of milk drawn from the udder 
(strippings). 

+ The sample was from a cow in the last stage of lactation, being nearly 

t The sample was from a cow just beginning the period of lactation, or 
“fresh in milk.”’ 


These findings raise the question as to whether there is any 
reason for the correspondence existing between the observed 
changes in reaction and composition. These changes are such 
as would be expected, if we were to add blood-serum or lymph to 
normal milk and they are also in agreement with the results re- 
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ported by others*-'® who have worked with milk from diseased 
udders, though our samples were from udders which were ap- 
parently in normal condition. 

This phase of the question brings us to a consideration of ab- 
normal conditions of the udder in relation to the reaction of milk. 


The Reaction of Milk in Relation to the Presence of Leucocytes and 
Bacteria in the Udder. 


All the samples of milks used by us were from udders which were 
apparently in a condition of normal health under casual obser- 
vation; but a special examination of those samples (Table III) 
showing a reaction indicated by pH values above 6.70 was made 
for leucocytes and streptococci. For the work done in making 
these examinations, we are under obligation to Miss Mildred C. 
Davis, City Bacteriologist of Geneva. Use was made of Preed’s'’ 
method of direct-counting in the milk. The results of the work 
are given in Table IV. 

The results in Table IV indicate in a general way that decreased 
acidity in fresh milk is related to infection of the udder. Decrease 
of acidity is shown to be associated with increase of leucocytes, 
provided acid-producing streptococci are not present in sufficient 
numbers to neutralize such effect. Thus, in No. 7, we have a 
milk not far from normal in reaction, even though it contains a 
large number of leucocytes (20 million per ec.), a number which in 
Samples 14 and 15 gives a marked relative decrease in acid reaction; 
but this condition in No. 7 appears to be accounted for by the 
relatively large number of acid-producing streptococci (1 million 
per ec.), the acid produced offsetting the decrease of acidity 
caused by leucocytes. | 

8 Storch, V., Jahresb. Thierchem., 1884, xiv, 170; 1889, xix, 157. 

* Hoyberg, H. M., Z. Fleisch.-u. Milchhyg., 1911, xxi, 1. 

10 Fetzer, L. W., Eighth Internat. Cong. Applied Chem., 1912, xix, 111. 

't Chrétien, M., Hyg. viande et lait, 1912, vi, 382. 

12 Allemann, O., Milkwirtsch. Centr., 1915, xliv, 122. 

18 Zaribnicky, F., Arch. wissensch. u. prakt. tierheilk., 1913-14, xl, 355 


'4 Henderson, J. B., and Meston, L. A., Chem. News, 1914, ex, 275, 283; 


1915, exit, 51. 
16 Bahr, L., Z. Fleisch.-u. Milchhyg., 1913-14, xxiv, 251, 288, 370, 398, 472. 
‘6 Foa, C., Compt. rend. Soc. biol., 1905, lix, 51. 
17 Breed, R. S., New York Agric. Exp. Station, Techn. Bull. 49, 1916. 
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TABLE IV. 
Relation of Leucocytes and Streptococci to the Reaction of Milk. 


Cow No. No. of leucocytes per cc. 


4 
~ > 


| pH value. No. of streptococci per ce, 
| millions | millions 
6 | 6.80 1 | 0.1 
7 6.85 20 | 1.0 
6.91 3 Small number. 
6.95 5 | 
10 6.96 10 
11 | 6.98 S.4 
| 12 | 7.00 4 | 0.2 
4 13 7.04 3 Small number. 
14 | 7.06 20 | 0.5 
q : 15 7.15 21 0.3 
= A further study was made of five samples of milk in which the 
mt approximate pH value was determined by means of brom-cresol 
et purple used as an indicator, the microscopic examination for 
a leucocytes and streptococci being made by Miss Davis. The 
a results are given in Table V. 
TABLE V. 
Results of Examination of Milk for Leucocytes and Streptococet. 
value. | 
1 6.68-6.76, Many leucocytes. Strep- Marked production 
a H tococci, innumerable and by clumps at bottom of 
3 i in clumps at bottom of tube within 1 hour after 
tube. milking. 
= 2  6.72-6.80 5 million leucocytes per ec. | Marked acid production by 
innumer- clumps at bottom of tube 
able, separate, and in within 30 minutes after 
| clumps. milking. 
a 3. 6.76-6.84 Many leucocytes. Strep- | Marked acid production by 
7 { tococcl, innumerable, clumps at bottom of tube 
2 i: separate, and in clumps within 30 minutes after 
at bottom of tube. milking. 
4. Over7.00 Leucoecytes, innumerable; | No acid production ap- 
af few streptococci. parent. 
4 : 5 “ 7.00) Leucoeytes, innumerable; No acid production ap- 
a few streptococci. parent. 
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Summarizing the results embodied in Table V, we notice: 

1. In Samples 4 and 5, containing innumerable leucocytes and 
showing evidence of the presence of garget, there were few strep- 
tococci and the acidity was lowest. On standing a few hours, 
these samples furnished no evidence of increase of acidity. 

2. InSamples 1, 2, and 3, which were the more acid ones, there 
were immense numbers of streptococci, especially in clumps; 
and while there were also many leucocytes, there was an increase 
of acidity within a very short time after the milk was drawn from 
the udder. 

3. It appears highly probable that the greater acidity in the 
milks containing enorm >is numbers of streptococci is due to the 
formation of acid by these organisms, especially in view of the 
fact that milk from diseased udders, containing large numbers of 
leucocytes with few streptococci, shows the lowest degree of 
acidity found in fresh milk. In other words, we find milks that 
contain large numbers of leucocytes and are abnormally low in 
acidity when streptococci are present in only small numbers or 
entirely absent usually show appreciably higher acidity when 
streptococci are present in large numbers. 


A Suggested Explanation of the Decreased Acidity in Abnormal Milks. 


We have already stated that the correspondence existing be- 
tween the observed changes in reaction and composition of milk 
may be accounted for on the supposition that the change in the 
direction of decreased acidity is due to the presence of blood- 
serum or lymph. Decrease of acidity in fresh milk is observed 
in case of diseased udders and may, therefore, be due to the direct 
filtration of blood-serum or lymph into the lumen of the alveoli 
without transformation by the gland cells or through lesions caused 
by bacterial activity. This view harmonizes with several facts. 
(1) It is in harmony with the changes in composition of the milk; 
(2) it is in agreement with the hydrogen ion concentration shown: 
by normal milk (pH 6.50 to 6.60), and that shown by blood-serum 
(about pH 7.60); (3) it harmonizes with the variation found by 
us in the COs content of milk, normal milk containing about 10 
per cent by volume and blood-serum, 65 per cent; and (4) if Is in 
agreement with the increasing number of leucocytes found in the 
less acid milks. 
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Further proof of the presence of blood-serum or lymph in most 
of the abnormal milks (pH 6.90 to 7.20) examined by us is the 
existence of fibrin in such samples, as shown by Doane’s method."* 

Another method of proof was undertaken, which was to ascer- 
tain if glucose is present in the abnormal milks under discussion. 
If serum passes unchanged into milk, glucose should be present 
in such abnormal samples in appreciable amount. We were, 
however, unable in any case to find the slightest trace of glucose 
in these abnormal milks. If glucose is absent from the serum 
present in these milks, the glucose in the blood-serum must be 
changed into another compound by some agent present in the 
milk in the udder, which might be udder cells or some enzyme. 
The question calls for further investigation. 

The method used by us for the detection of glucose is the fol- 
lowing: Proteins are precipitated by 70 per cent aleohol and the 
filtrate evaporated to dryness. This residue is extracted first 
with ether and then with hot 95 per cent aleohol. The alcoholic 
extract Is evaporated to dryness and the residue again extracted 
and the extract evaporated to dryness, after which the residue is 
extracted with a small amount of ether. This residue is used for 
the osazone test. Glucose added to milk can be recovered easily 
by this method. 


SUMMARY. 


1. The object of the investigation was the study of the extent 
and causes of the variation of the hydrogen ion concentration in 
freshly-drawn cow’s milk. 

2. In the case of over 300 samples of fresh milk, the pH value 
varied from 6.50 to 7.20, being under 6.76 in 80 per cent of the 
samples. 

3. In the case of the milk from 20 cows, it was found that the 
pH value of the milk from different quarters of the udder varied 
greatly but in most cases the variations were not large. 

4. The pH value is found to vary with the composition of the 
milk. In general, with a decrease of acidity, there is a marked 
tendency toward a decrease in specific gravity, and in percentage 
of fat, total solids, solids-not-fat, casein, and lactose, but an in- 
crease in proteins other than casein and in ash and chlorine. 


i’ Doane, C. F., Maryland Agric. Exp. Station, Bull, 102, 1905. 
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5. These changes in composition are such as would be expected 
in case blood-serum or lymph were added to normal fresh milk. 
Abnormal conditions in the udder might cause such addition. 

6. Examination of milks of abnormally low acidity, having a pH 


value above 6.80, indicates that the reaction is accompanied by — 


the presence of large numbers of leucocytes, though the reaction 
in such cases may be neutralized by the presence of large numbers 
of acid-producing streptococci. 

7. While the belief in the presence of blood-serum or lymph in 
such milk is supported by several considerations, a careful test for 
glucose proved negative. 
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A METHOD FOR THE PRELIMINARY DETECTION OF 
ABNORMAL MILK BASED ON THE HYDROGEN 
ION CONCENTRATION. 


By JOHN C. BAKER ann LUCIUS L. VAN SLYKE. 


(From the Chemical Laboratory of the New York Agricultural Experiment 
Station, Geneva. ) 


(Received for publication, October 8, 1919.) 
INTRODUCTION. 


In the official inspection of market milk, the primary object is 
to detect samples that are abnormal in composition as well as in 
sanitary character. The full examination of a large number of 
samples for the purpose of detecting an occasional abnormal one 
involves a relatively large amount of inefficiency in attaining the 
object. Attempts have been made to minimize the labor of 
inspection by using some quick and simple method which 
would serve the purpose of enabling one to detect suspicious 
samples; and only those samples which showed some evidence 
of abnormality by such preliminary test would be selected for 
further detailed examination in the laboratory, in order to con- 
firm or disprove the suspicion. In examining market milk for 
the purpose of quickly identifying abnormal samples, inspectors 
have been limited in their methods to the use of the hydrometer 
or lactometer, except that in some cases the senses of smell, 
taste, and sight could also be employed to advantage. The 
determination of the specific gravity of milk has found its chief 
use in enabling one to select samples which appear to give 
evidence of being watered or skimmed. It has been repeatedly 
shown that specific gravity as a basis for accurate judgment in 
identifying abnormal milks may be wholly misleading. The 
need of a more comprehensive and reliable method has long been 
realized. 
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The Relation of Hydrogen Ion Concentration to Normal and 
Abnormal Milks. 


In making a study of the hydrogen ion concentration of freshly- 
drawn milks, normal and abnormal, and also of normal milks 
subjected to various conditions of change, it was found that the 
hydrogen ion concentration is very sensitive to certain conditions, 
among which are (1) production of acid by bacteria, (2) the 
addition of formaldehyde solution, (3) the addition of acids, (4) 
heating above a certain temperature, (5) abnormal or diseased 
milks, (6) addition of water, (7) addition of alkali or alkaline 
salts, (8) removal of fat. The first four conditions increase the 
hydrogen ion concentration, that is, render the reaction of the 
milk more acid than normal, while the other conditions render 
the reaction of the milk less acid than normal. 

It occurred to us that, if it were possible to obtain an indicator 
having a neutral point near that of normal milk and yet showing 
an appreciable color in normal milk, which would be sufficiently 
sensitive to show observable change of color with slight change 
of hydrogen ion concentration, such an indicator might find 
application as the basis of a method to be used for the purpose 
of quickly indicating the probability of normality or abnormality 
in a milk. The first suggestion of an indicator meeting these 
conditions came to us in connection with the work published by 
Clark and Lubs!' on “A substitute for litmus for use in milk 
cultures.’”” They made use of a dye, known as dibrom-ortho- 
cresol-sulfon-phthalein, the name being shortened for convenience 
se to “brom-cresol purple.’”’ This dye was found by them to 
E possess properties which make it a reliable and brilliant indicator 


5 fH for the colorimetric determination of hydrogen ion concentration 
in milk. 
4 ‘| We first made use of brom-cresol purple in testing its applica- 
p bility to the detection of increased acidity in milk when formed 
q : by bacterial action, and found that it is extremely sensitive in 
4 { comparison with phenolphthalein, which is the indicator in com- 
al mon use in titration for the determination of the degree of acidity 
a Clark, W. M., and Lubs, H. A., J. Agric. Research, 1917, x, 105. 
7 ?'This dye can be purchased from Hynson, Wescott, and Dunning, 
4 Baltimore, Md. In ordering this dye the full name should be used. 
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in milk. Further extension of the use of brom-cresol purple 
demonstrated its practicability in detecting other conditions, 
especially those mentioned above. 


OUTLINE OF PROPOSED METHOD. 


Before describing the detailed operation of the method, we will 
give a brief statement, outlining its main features. The use 
of brom-cresol purple in this application to the preliminary 
detection of abnormal milks consists in adding to one drop of a 
saturated water solution of the dve 38 ce. of milk and then 
observing the color. In the case of average milks that are normal 
in character, such, for example, as good market milk, the color 
is verv uniform, being a bluish-gray. In the case of a milk 
giving a color differing appreciably from this, there is ground for 
suspicion that it is not normal. The color given by different 
milks may be lighter or darker, ranging from a bright vellow at 
one extreme to a deep blue at the other. The color is made 
lighter by actds, acid salts, formaldehyde solution, and also by 
heating above the usual point of pasteurization. The color becomes 
deeper blue in the case of milk from diseased udders, watered milk, 
skimmed milk, and milk containing added alkali or en alkaline 
salt. 

If a preliminary test with brom-cresol purple gives a color 
lighter than in the case of normal milk, then a sample can be 
taken by the inspector to be used in making a further detailed 
examination in the laboratory for acidity, formaldehyde, and over- 
heating. If the color is darker than normal, then a sample is 
taken to ascertain whether the abnormality is due to the addition 
of water, alkaline salts, removal of fat, or to the presence of milk 
from a diseased udder. 

Attention should be called here to some conditions which 
modify the characteristic color given by brom-cresol purple 
solution with average normal milk. 

1. Effect of High Percentage of Milk-Fat.—The presence of extra 
fat, asin the case of rich milks (5 per cent or more) gives an ap- 
preciably lighter color than in the case of the ordinary market 
milks containing 3 to 4 per cent of milk-fat. 
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2. Effect of High-Colored Milk.—In the case of milks produced 
by cows at fresh pasture, the milk has a decided yellow color 
which modifies the color reaction with brom-cresol purple. 

3. Effect of the Removal of Milk-Fat.—When fat is removed from 
milk, the resulting skim-milk gives with brom-cresol purple a 
darker color than does the same milk before the removal of fat. 

These differences in color are due to the fact the fat-globules 
do not give the same reaction color as normal milk with brom- 
cresol purple and they thus modify by their presence the color 
of the indicator in the milk. The fat dissolves some of the dye 
which always appears yellow in the fat. The effect of milk-fat 
upon the reaction color can be readily observed if one notices the 
color at once after mixing the milk and the solution of brom- 
cresol purple and then again after the fat-globules have risen to 
form a cream layer at the upper surface. It will be seen that 
the color is lighter at the start than it is after the cream has risen 
and, further, that the cream layer shows little or no color. The 
difference is more marked with increase of milk-fat. 


OPERATION OF METHOD. 
1. Preparation of Indicator. 


Brom-cresol purple is ground to a fine powder and dissolved in 
distilled water to saturation, about 0.1 gm. being used for 100 ec. 
of water. Saturation can be hastened by heating the mixture on 
a water bath, then cooling to room temperature, and filtering. 
The saturated solution contains about 0.09 per cent of the dye. 


2. Apparatus. 


The only apparatus required is the following: a burette, test- 
tubes, a pipette, and a test-tube holder. 

The burette is used for the purpose of measuring the indicator. 
The delivery is so controlled that each drop measures 0.05 ce. 

The test-tubes which we have found most convenient for use in 
making the test are flat-bottomed specimen tubes made of Pyrex 
glass, holding about 8 cc. They are about 4 inches long and 4 
inch in diameter. It is essential that all the tubes used should 
be uniform in color and in thickness of walls. 


‘ 
PY 
5 
+ 
“4 
zh 
+ 
4 
Z 
\ 
¢ 
on 
¥ 
Ba 
2 
. 
i 


J. C. Baker and L. L. Van Slyke 361 


We have found it convenient to provide a special holder for 
these tubes, making it easy to compare the color by arranging 
the tubes in a line side by side in close contact without conceal- 
ing any portion of the milk column. 

Ordinary 3 ce. pipettes are used for measuring the milk to be 
used. 


3. Performing the Operation. 


The different steps in carrying out the details of the method 
consist of (a) measuring the indicator, (b) measuring the milk, 
(c) observation of the color, and (d) interpretation of the results. 

(a) Measuring the Indicator.—The test-tubes are placed in the 
holder with the open end up. The burette is filled with the 
solution of brom-cresol purple, and the stop-cock so adjusted 
that it delivers drops measuring 0.05 ec. at the rate of about 
one drop in 2 seconds. The test-tubes are placed under the 
burette tip, one by one in turn, exactly one drop being allowed 
for each tube. The delivery is so controlled that each drop falls 
free from the burette tip into the test-tube without touching 
the walls of the tube before the drop separates from the burette 
tip. This procedure enables one to deliver the same amount 
of indicator into each test-tube with rapidity. There are two 
advantages in using only one drop of indicator. The first is the 
minimum dilution of the added milk and the second is that the 
tubes can be carried about without danger of losing the indicator. 

(6b) Measuring the Milk Sample.—-The milk is added to each 
test-tube with a 3 cc. pipette and is thoroughly mixed with the 
indicator, which may be conveniently done either by shaking the 
tube or by drawing the mixture of milk and indicator into the 
pipette and allowing it to flow back into the test-tube. In our 
experience the proportion of 3 ec. of milk and one drop of brom- 
cresol purple solution enables one to observe the shades of color 
to best advantage in most cases, but in some cases we have 
obtained somewhat better results in observing color changes with 
5 ce. of milk for one drop of indicator. 

(c) Observation of Color Change.—The ability to distinguish 
shades of color in the change of reaction in milk is the chief point 
of difficulty and, therefore, the observation of shades of color 
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constitutes the main source of weakness in its application. The 
method cannot be used successfully by one whose eye is lacking 
in appreciation of different shades of color to such an extent that 
training does not enable one to overcome such deficiency. How- 
ever, in our experience, any person with normal sensitiveness to 
color changes can acquire the ability to observe such changes 
as take place in milk treated with brom-cresol purple solution 
with an accuracy which will make the application of the method 
useful. The fundamental difficulty lies in the lack of a fixed 
color standard which is applicable under all conditions as a basis 
of comparison. In the examination of market milks, it usually 
suffices to assume that a large proportion of the samples is normal 
in reaction and that, therefore, in a collection of numerous samples, 
those which give the same color with the solution of brom-cresol 
purple are generally normal, while those samples which are 
lighter or darker are open to the suspicion of being abnormal in 
some respect and should be further examined by supplementary 
methods. It will be well usually, however, especially for those 
who are unaccustomed to the use of the method, to prepare a 
series of known standardized colors to be used as a basis of com- 
parison in observing the reaction of unknown milks to which the 
test is applied. 

Preparation of the Color Standard.— The prepared color standard 
represents approximately certain ranges of hydrogen 1on concen- 
tration. Briefly stated, the preparation of such a standard 
consists in adding increasing amounts of standard alkali to a 
mixture of normal milk and brom-cresol purple solution. The 
preparation of the series of standard colors to be used for com- 
parison is carried out in the following manner. 

(1st) Selection of Milk.—The milk to be used in the preparation 
of the color standard should meet two requirements. First, it 
should have approximately the same general composition as that 
of the milks to be examined: and, second, it should have a normal 
reaction. In respect to composition, usually any normal market 
milk containing between 3 and 4 per cent of fat will be satis- 
factory in the inspection of market milks. When milks contain- 
ing over 4.5 per cent of fat are to be tested, it is well to use for 
the color standard a milk containing about the same percentage 
of fat. In the ease of partially skimmed milks, milk with less 
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than the normal percentage of fat should be used. The differ- 
ences in color caused by the presence of varying percentages of 
fat ean be largely overcome, when necessary, by removing the 
cream with a centrifuge from all the milks to be examined, using 
skim-milk in the preparation of the color standard. However, it 
should be stated that the color given by skim-muilk obtained 
from milk rich in fat may be shghtly different from that given 
by skim-nilk obtained from milk poor in fat. After one has 


had some experience in studving the effect of different milks_ 


upon the solution of brom-cresol purple, it will be found that 
the matter of the selection of the milk for making a color standard 
is simpler than it might appear from the foregoing statements. 
In respect to the reaction, the milk to be used in preparing the 
color standard should not have an acidity in excess of an equiva- 
lent of 18 ec. of 0.1 N NaOH per 100 cc. of milk. The determi- 
nation is made by titrating 10 ec. of milk without dilution with 
the alkali, using 0.5 ce. of a neutralized, aleoholic solution of 
phenolphthalein for indicator. The reaction of the milk to be 
used for the color standard ean be further tested by adding brom- 
eresol purple solution and comparing the resulting color with 
that given by this indicator with samples of milk of known 
normal character. If the reaction is uniform with that of the 
known normal milks, the milk can be satisfactorily used for the 
color standard. Usually a milk having an acidity equivalent to 
L.8 ec. of 0.1 N NaOH per 10 ce. of milk is found to be satisfactory. 
2nd) Preparation of Standard Color Series.— Measure eight 
portions of milk of 10 ec. each into separate test-tubes and to 
each portion add the amount of 0.1 ~ NaOH indicated below. 


No. of drops of 0.1 N NaOH...... 


The alkah is added to the tubes from a burette, using the same 
precautions in regard to uniform size of drops and their delivery 
as have been already given for measuring the brom-cresol purple 
solution. The alkali and milk are thoroughly mixed. Of the 
mixture in each tube take 8 ce. and one drop of brom-cresol 
purple solution, making a series of eight mixtures contained in 
the kind of test-tubes previously deseribed. These give a range 
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of colors to be used as a standard for comparison in testing 
unknown milks. The reaction color in each tube corresponds 
approximately to the following pH values. 


ec. of 0.1 NaOH used. O22: - 2:3 68-839 
[6.5 6.6 6.67 6.75 6.82 6.90 6.98 7 05 
to to to to to to to 
16.6 6.67 6.75 6.82 6.90 6.98 7.05 7.13 


Symbol for reaction color N—1 N—2 N-5 N-6 N--7 


As a matter of convenience in tabulating results, we append a 
series of symbols to indicate the pH values, N standing for normal 
reaction and N followed by the minus sign and figures ranging 
from 1 to 7, indieating decreased acidity corresponding to 
increasing pH values. 

It should be emphasized here that this method gives the 
reaction only approximately and the accuracy of the results 
may be interfered with by various conditions apart from the 
true reaction. Of such interfering factors, one which is especially 
influential in affecting the color is the degree of opaqueness. 


. Milks of relatively low acidity tend to be less opaque than those 
q : of normal acidity. As a result the surface color observed is 
p reflected from a greater depth and with a corresponding increase 
3 { in the intensity of the color in the presence of brom-cresol purple 
a solution, thus indicating a reaction less acid than that indicated 
a by the standard. When necessary, this source of interference 
Pi ean be obviated by so diluting the standard series with water 
a : | after the addition of alkali and before the addition of the brom- 
a | eresol purple solution that the milk to be used as a standard will 
i resemble in its appearance of opaqueness that of the unknown 


milk. The milk thus diluted is then used in making up a special 
standard series by addition of indicator. While the addition of 
water changes the reaction of the Standard somewhat, the test of 


Bi the reaction by the color is made more accurate than if the 
a | standard is undiluted. 

Pe Another factor which may render less accurate the use of the 
q : standard in determining the reaction of unknown milks is the 
4 ri initial reaction of the milk used for the standard. If, for example, 
Po the initial reaction is pH 6.5 in one case and pH 6.6 in another, 
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there would be a difference of 0.1 pH in applving the standard 
to the reaction of unknown milks. 

(d) Interpretation of Color.—In examining the samples of milk 
in the test-tubes after addition of the milk to the brom-cresol 
purple solution, one makes comparison with the prepared color 
standard; or, in the absence of such a standard, one selects those 
samples which differ in color markedly from those samples which, 
according to experienced observation, appear normal, either be- 
fore or after the separation of the cream. Such samples as appear 
to be abnormal by showing a deeper blue shade of color, indi- 
eating decreased acidity, are open to the suspicion of being 
watered, or skimmed, or treated with alkaline salts, or containing 
excessive numbers of leucocytes as in milk from diseased udders. 
Which of these suspicions is justified can be ascertained by the 
determination (1) of the freezing-point, (2) of the percentage of 
milk-fat or the ratio of fat to proteins, (3) of the specific gravity, 
(4) of the total solids, (5) of the presence of alkaline salts, 
especially sodium bicarbonate and borax, (6) of the numbers of 
leucocytes by direct microscopic examination by Breed’s method,’ 
and (7) of COs. by Van Slyke’s method modified by us for use 
in connection with milk. 

In the case of samples showing a color lighter than normal 
with the brom-cresol purple solution, indicating an abnormal 
degree of acidity, there is awakened the suspicion of bacterial acid 
production, the presence of formaldehyde, overheating, or the 
presence of added acid salts; or the lighter color may be due to a 
high percentage of milk-fat. Which of these indications is 
correct is determined as follows: A direct count of the number 
of bacteria’ is often sufficient. If this fails to show the presence of 
excessive numbers of bacteria, then a test should be made for 
the presence of formaldehyde, and, if this is not present, the 
percentage of milk-fat is determined; and, further, in order to 
see if the light color is due to overheating, the determination of 
carbon dioxide should be made and Storch’s test may also be 
applied. 


* Breed, R. S., New York Agric. Exp. Station, Techn. Bull. 49, 1916. 
’Van Slyke, L. L., and Baker, J. C., J. Biol. Chem., 1919, x1, 337. 
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RESULTS OF APPLICATION OF METHOD. 


Relation between the Reaction of Milk and the Presence of Added 
Water and of Garget. 


We have made application of this preliminary test extensively 
in the case of market milk and especially in connection with 
watered milk and milks containing garget and also milks with a 
high bacterial content. 

Of 570 samples of market milk to which the test was applied, 
64 samples, of which 52 showed decreased acidity, were selected 
by the brom-cresol purple test for more detailed examination in 
relation to the presence of added water and high leucocyte con- 
tent. The results of the work are summarized in Table 1. Each 
sample of market milk represented a single can of milk as de- 
livered at the milk station by the producer. Milk from the same 
producer was sampled on several different days in those cases in 
which there was cause for suspecting the milk to be abnormal. 
Most of the samples giving a normal color reaction (N) were 
selected from the milk of producers whose milk appeared on 
previous inspection to show signs of being watered but which 
gave a normal reaction at the time of this sampling. There are 
given in addition results in the case of a few samples (Nos. 23 to 
28) of milk obtained from different quarters of the udders of 
cows, some of which were known to have udder infection, and 
there are also three samples (No. 6) of normal mixed milk 
from our Station herd. 

An examination of the results contained in Table I leads to 
the following summarized statements: 

lL. Of the selected 64 samples of market milk, 52 show a color 
reaction less acid than normal and 12, a normal reaction. 

2. In all the samples giving a normal color reaction, the de- 
pression of the freezing-point varies between — 0.54 and — 0.57°. 
In the 52 samples of market milk showing a reaction less acid 
than normal, constituting nearly 10 per cent of all the samples 
examined by the color test, 39 samples show a depression of the 
freezing-point varying from — 0.468 to — 0.538°, thus indicating 
the presence of added water. In 18 samples giving N-1 color 
reaction (pH 6.6 to 6.67), 10 samples show watering by the 
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TABLE I. 
Results of Examination of Market Milk by Brom-cresol Purple Test. 
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Herd 
No. 


Reaction. 


Depres- 
of | 
point, 


degree | 
0.569 


0.558 
0.508 
0.560 


| 0.560 
0.548 


0.552 


0.555 


0.562 


Garget. 
0 13 
0 
0 44 
0 
0 
0 | ite 
0 
 14-e 
0 

Present. | l4-g 
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Present. 
0 15 

Present. l5-a 
15-b 
| 
0 
Q 16-b 
0 | 
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0 
0 | 18 

Present. | 19 
0 | 20 
0 
0 | 2 
0 22-a 
0 | 2 
o | 
0) | 26 
0 
0 | 28 
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Present. 


= 
point. 3 
degree 
N N-2 0.538 () 
3 0.477 0 i 
N 0.548 0 
6-b | 0.503 0 
7 N-1 0.536 0.513 0 
N | 0.546 | 0.520 0 
: 7-b | N-l | 0.546 0.525 0 
a 7-d | 0.536 « 0.530 0 
(= N O.55S O.51S 0 4 
7-f N-1 | 0.552 « 
4 7-2 “ 0.549 0.543 ; 
7-h 0.549 N-1 | 0.518 
: 7-i N | 0.553 N-2 | 0.523 i 
O.547 N-1 | 0.512 
4 S-b 0.530 N 0.556 0 
N-1 0 545 0.496 0 
0.538 | 0.494 j 
N-2 0.541 N-3 0.519 () 
S-f | N-l | 0.563 N-2 | 0.530 0) i 
| 9 0.518 | | 0.531 
9-2 0.531 N-2 | 0.540 | 
9-c | N-1 | 0.530 | | | | 
10 =| N-2 | 0.500 | | : 
10-a | N-1 | 0.512 | | 
| N 0.558 | | | 
l0-c | N-3 | 0.470 | | 
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4 freezing-point determination, while 8 do not. Of these 8 samples, 
: the decreased acidity is due to the presence of garget in 5 cases. 


The other 3 cases are on the border line as shown by the freezing- 
point depression. In 30 samples showing N-2 color reaction 
(pH 6.67 to 6.75), 25 contain added water according to the 
freezing-point, while 5 are just on the border line, showing a 
4 freezing-point depression varying from — 0.54° (in 3. cases) 


b. to — 0.543°. In the case of 4 samples (10-c, 11, 12, 18), giving 
; a color reaction of N-3 (pH 6.75 to 6.82), all showed the pres- 
TABLE II. 
Results of Examination by Herds. 
No. of times | No. of samples | No. of samples 
| 7 10 7 | 0 | 6 
| | 3* 
9 4 | 4 | { 0 
10 | 4 | 3 3 0 
| | 1 0 
12 | l | 1 l 0 
13 2 2 0) 
12 | 11 0 
16 5 | 4 
17 1 1 | 0 
19 | 0 
21 | 1 1 0 
Bf 22 | 2 2 0 2 
q * 2 others doubtful. 
t 1 other doubtful. 
a ence of added water by the freezing-point. In the case of 2 
at samples (25, 26), having a color reaction of N-4 (pH 6.82 to 6.90) 
q : and of 2 samples (27, 28) with a reaction of N-5 (pH 6.90 to 
ay 6.98), the decreased acidity was due in every case to garget, the 
’ | determination of the freezing-point showing the milks to be en- 
a tirely normal in water content. For further details regarding 
a the reaction of milk to udder infection see page 351. 
a 3. The number of dairies furnishing the 570 samples of milk 
gE examined was 46. In the case of 16 dairies, the milks showed a 
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subnormal or decreased acid reaction by the brom-cresol purple 
test. Three-fourths of these subnormal samples came from a 
few herds. It was found that in one of these the milk was being 
watered regularly and some of the milk from the other herds 
gave evidence of severe mastitis. Table I] shows the number 
of milks of subnormal reaction in the case of the 16 herds and 
indicates also the total number of examinations and the number 
of times the samples were found watered and, in addition, the 
cases where garget was present. 

It is seen that in the case of the 16 herds, 58 examinations of 
milk were made; in 52 samples, the reaction was found to be 
subnormal or of decreased acidity. In these 52 cases, 37 showed 
clear evidence of watering by the depression of the freezing-point 
and 3 others were so close to the border line as to be open to a 
strong suspicion of being watered. There were three herds in 
which persistent addition of water was shown. 

4. The 6 samples, 23-28, were drawn from the udders under 
our direct supervision. Four of these showed a subnormal re- 
action, owing to the presence of garget, and the freezing-point 
test shows that the percentage of water is not excessive. A 
complete chemical analysis of these four samples would un- 
doubtedly show an abnormal composition according to our work 
(page 350). 


Relation Between the Reaction of Milk and the Bacterial Content. 


Milks showing a reaction above normal acidity, as indicated 
by giving with brom-cresol purple solution a lighter color, were 
examined for their bacterial content. Of the 570 samples ex- 
amined, 16 gave a lighter color than normal, of which 11 were 
found by Miss Mildred C. Davis, the City Bacteriologist, to 
contain over 10,000,000 bacteria per ce. by the direct-count. 
method.’ In the case of two of the other samples, the light 
color was due to high milk-fat content, bacteria not being present 
in large numbers. 

A further study was made at the Laboratories of the Depart- 
ment of Health of New York City through the courtesy of the 
Director, Dr. Wm. H. Park. Of the 11 samples found showing 
a light color with brom-cresol purple solution, four contained 
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over 1,000,000 bacteria per cc. by the plate-count method and 
six showed high percentage of milk-fat with low bacterial content. 


SUGGESTIONS. 


It has been stated already that the main source of weakness 
in the application of this method is the observation of the shade , 
of color given by the sample of milk with brom-cresol purple 
solution. It is, therefore, important that, before one attempts to 
use the method in practical application, some special work be 
done in a study of the shades of color of the brom-cresol purple 
solution in milk under a great variety of conditions. Forexample, 
taking some fresh normal milk of average composition, that Is, 
with 3 to 4 per cent of milk-fat, a portion is treated with brom- 
cresol purple solution in the manner described (page 361), and 
then other portions are treated by the addition of definite 
amounts of 0.1 N alkali, just asin the preparation of the standard 
color series (page 363), and other portions by 0.1 N lactic acid, 
& while other portions are diluted with definite amounts of water, 
a and others are skimmed, and others have cream added to them. 


fF Also the results of the action of definite amounts of formaldehyde 
H added to portions of the milk should be studied; and also the 
f effects of the addition of varying amounts of sodium bicarbonate, 
: borax, ete. Portions of milk heated to various temperatures are 
: similarly studied. A similar complete study should be made 

By with different samples of normal milk until one is able to dis- 
af tinguish different shades of color so far as they have a meaning 

Pe in practical applications of the test. 

Ss It should be emphasized here again that the application of the 
Hf brom-cresol purple test is not to be regarded as final but only as 
#4 preliminary and suggestive. Its chief value is to be found in 

‘i the fact that, when properly used, it will greatly minimize the 
i work involved in official milk inspection, because it will point 

3 : in most cases directly to the milks that are abnormal and, there- 

q : fore, indicate which samples need further detailed work to 

a confirm or disprove the suspicion aroused by the result of the 

preliminary test. 


Bs 
$e 
; 
ay 
zt 
> 
* 
“4 
q 


J. C. Baker and L. L. Van Slyke 371 


SUMMARY. 


The method described as a means for the preliminary detection 
of abnormal milks is based upon the use of the dye, dibrom- 
ortho-cresol-sulfon-phthalein, the name being abbreviated to 
brom-cresol purple. One drop of a saturated water solution is 
mixed with 3 ec. of milk and the color is observed. Normal 
fresh milk gives a grayish-blue color. The production of a darker 
or lighter color serves to awaken suspicion in regard to the normal 
character of the milk. The color is made lighter by acids, formal- 
dehyde, and also by heating above the usual point of pas- 
teurization. The color becomes deeper blue in the case of milk 
from diseased udders, watered milk, skimmed milk, and milk 
containing added alkaline salts. In the inspection of milk, a 
sample is taken for further detailed examination in the laboratory 
if the color is sufficiently lighter or darker than normal to indicate 
the probability of some abnormal condition. 

The method has been apphed and results are reported for 570 
samples of market milk. Watered milk was detected and also 
milk containing excessive numbers of leucocytes. A standard of 
colors can be prepared by which comparison can be made and 
conclusions more easily reached as to the normality or abnormality 
of the samples examined. 
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A METHOD FOR THE DETERMINATION OF THE 
KEEPING QUALITY OF MILK. 


By JOHN C. BAKER ano LUCIUS L. VAN SLYKE. 


(From the Chemical Laboratory of the New York Agricultural Experiment 
Station, Geneva. ) 


‘Received for publication, October 8, 1919.) 
INTRODUCTION. 


Keeping quality or keeping power is an expression used to 
indicate the length of time milk remains sweet and otherwise 
palatable and suitable for direct consumption. This is obviously 
an important factor in estimating the commercial value of market 
milk, since milk that is sour or otherwise unpalatable is com- 
paratively valueless for direct use, however rich it may be in fat 
and other solids. 

Various methods have been proposed for measuring the keeping 
quality of milk but these have been found unsatisfactary in actual 
practice. Therefore, a method which can be utilized to furnish 
consistent results in measuring, even though only approximately, 
the keeping quality of different milks is needed. 


Proposed Method. 


We have found that the brom-cresol purple test (see page 359) 
can, with simple modifications in technique, be applied to the 
measurement of certain factors affecting the keeping power of 
milk. In applying the test for this purpose, the test-tubes and 
pipettes must be sterilized before use and the milk in the test- 
tubes must be incubated for a stated length of time at a definite 
temperature. Examination of the milk after incubation fur- 
nishes evidence in respect to the keeping power of milk as shown 
by one or more of several possible changes that may take place 
in the milk. Such changes can be divided into two classes, first, 
those affecting the color of brom-cresoi purple, which show a 
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change of reaction in the milk due to the production of acid or 
less often to the formation of alkali salts; and, second, other 
accompanying or succeeding changes, such as curdling of the milk 
due to coagulation of casein, digestion of casein, changes in the 
character of the coagulated or curdled milk, production of gas, 
and the development of abnormal odor and taste. 


Non-Germicidal Effect of Brom-Cresol Purple Solution. 


In order to be of value as a means of measuring the keeping 
quality of milk by the reaction, it is essential that the brom- 
cresol purple solution should not, under the conditions used, show 
any germicidal effect sufficient to interfere with the growth of 
bacteria in milk. In order to test this fundamental requirement, 
pure cultures of Bacterium lactis acidi were added to freshly 
pasteurized skim-milk; one portion of this was treated with 
brom-cresol purple solution and both portions were incubated 
at 20°C. At intervals the brom-cresol purple test was applied 
to samples taken from the incubated portion of milk containing 
none of the indicator, and comparison was made with the portion 
to which brom-cresol purple had been added at the start. Also 
samples of the two portions of nulk were titrated with alkali. 
These tests -were made many times with different milks, but in 
no case was there observable any difference in behavior. The 
same tests were also applied in numerous cases to two portions 
of a milk undergoing the process of natural souring, using both 
unheated and pasteurized milk, without showing any difference. 
The results all go to show that the brom-cresol purple solution 
has no germicidal effect under the conditions used. However, 
it is advisable to take precaution to use for this test only brom- 
cresol purple that is wholly free from the odor of phenol or cresol, 
as suggested by Clark and Lubs.' In our experience it 1s not 
difficult to obtain this. 


Production of Acid. 


In considering the application of the brom-cresol purple test 
to the measurement of the keeping quality of milk as shown by 
the formation of acid in milk, we will present the subject under 


1 Clark, W. M., and Lubs, H. A., J. Agric. Research, 1917, x, 105. 
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the two heads, localization of acid production and degrees of 
acid production. 

Localization of Acid Production.—In the natural souring of 
milk standing undisturbed, the formation of acid rarely proceeds 
uniformly through the body of the milk but is largely localized, 
especially in the earlier stages of the process. Acid is usually 
first formed in appreciable amount at the upper surface next the 
cream layer, or less often in the layer at the bottom of the con- 
tainer, or it may appear in some eases simultaneously in both 
the top and bottom layers. Less frequently it may start in the 
laver of milk next the side walls of the container. 

When acid is formed first at the upper surface of the milk, it 
is probably due to the fact that the organisms are enmeshed and 
carried upward with the rising fat-globules and are thus con- 
centrated in the upper layer. The bacteria left in the body of 
the milk after the rising of the fat-globules would tend, under 
the downward pulling effect of gravity, to settle at the bottom 
of the container. Generally, the number carried up is apparently 
greater than that carried down. Such a concentration of bacteria 
in the top or bottom layer of the milk would have the effect of 
making the brom-cresol purple test more sensitive as a result of 
more rapid formation of acid. The effect of acid development is 
more commonly shown first in the upper layer, though some- 
times in the lower or less often in the side layer. But whether 
it starts at the top or bottom or side, the process of acid pro- 
duction works from the starting area or areas through the main 
body of the milk. 

Degrees of Acidity.—It would be desirable, if it were possible, 
to distinguish different degrees of increasing acidity by preparing 
a color standard representing different values of hydrogen ion 
concentration, similar to the method described on page 363 for 
determining the approximate hydrogen ion concentration of milk 
when its acidity is less than that of normal milk. This is 
impossible for several reasons and especially because, as pointed 
out above, the production of acid is localized and not distributed 
uniformly through the body of the milk. However, we have 
found that it is possible, with some experience, to distinguish 
readily not less than four degrees or stages of acidity by changes 
of color, varving from the grayish-blue observed with normal 
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fresh milk to a pure yellow occurring in milk sufficiently sour to 
undergo coagulation, which occurs at about pH 4.65. These four 
stages or degrees of acidity can be distinguished by the following 
deseription. 

(1) The first stage or beginning of acid production (A,) is indi- 
eated by the first sign of change from the grayish-blue color of 
normal milk to a lighter shade observable in any portion of the 
milk. This is most often distinguishable at the upper surface of 
the milk just under the cream layer, though it may occur at the 
bottom layer of the milk or less frequently at the side walls of 
the containing vessel. 

(2) The second stage (As) shows distinct acid production and 
is indicated when the milk in a test-tube gives evidence of more 
extensive and marked change of color than in case of A;. The 
main body of the milk, however, still retains a grayish-blue color 
more or less interspersed with, but predominant over, vellowish 
or greenish-yellow shades. The prevailing color may be bluish 
or a dull shade of bluish-green. 

(3) The third stage (A3) shows marked acid production and 1s 
indicated when the color of the milk in the test-tube appears 
greenish to greenish-yellow; the yellow is predominant through 
the body of the milk, though not complete, but is more or less 
interspersed with shades jntermediate between dull green and 
vellow. 

(4) The fourth stage (A,) of acid production is easily observable, 
since the color is a pure, fairly uniform vellow, free from every 
trace of bluish or greenish tints. The ecurdling of the milk 
usually occurs at this stage and is generally, though not always, 
readily seen. 

It can easily be understood that these divisions are somewhat 
arbitrary and not always capable of sharp separation but they 
afford a practical basis for differentiating milks, furnishing a test 
which greatly exeeeds in delicacy and ease of application the 
usual titration methods. With experience in distinguishing shades 
of color, it is easily possible to carry the division of classes further 
if desired; but usually the four broad classes described above 
suffice for most purposes. 
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Other Changes in Milk. 


Changes other than those produced by acid formation can also 
be observed, and to these attention will be briefly called. Such 
changes may occur only after somewhat prolonged incubation in 
the case of good market milks, but they appear more quickly in 
the case of milks which have been drawn more than 24 hours 
before incubation, or in the case of milks drawn under unfavorable 
conditions as to cleanliness and not kept at a sufficiently low 
temperature. It should be stated here that while these changes 
have been studied by bacteriologists, it is cssential that they be 
given special attention and further study under the conditions of 
the proposed test. 

1. Production of alkali during incubation is shown by decreased 
acidity and is indicated by increase of depth of the grayish-blue 
color given with normal milk by the brom-cresol purple solution. 

2. Digestion of casein is observable just below the cream layer 
and is indicated by the appearance of a layer of more or less 
clear solution. 

3. Gas production is easily observed, indicating the presence of 
gas-producing organisms. This test is especially valuable in 
connection with milk to be used for cheese-making. 

4. The contraction or shrinking of the curd or coagulated casein 
into a smaller mass is easily seen when it occurs. This is 
~aecompanied by the separation of more or less clear whey. 

5. Any abnormal odor or taste is readily ascertained by any one 
having well developed senses of smell and taste. Such abnormal 
conditions have been noticed in our experience only in the case 
of milks which had shown marked change in reaction as indicated 
by the color given with brom-cresol purple solution. 


RESULTS OF APPLICATION OF THE METHOD. 


In applying the brom-cresol purple test to the measurement of 
acid production in relation to the keeping quality of milk, two 
separate series of experiments will be presented. In the first 
series, the samples used were taken from individual cans of 
milk as delivered by producers at the two collecting stations 
handling the supply of the city of Geneva. In the second series, 
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the samples were obtained from the regular milk supply of New 
York City. 

1. The Geneva Samples.—In applying our method to 389 
samples obtained in Geneva, we have had the cooperation of the 
city baecteriologist, Miss Mildred C. Davis, who classified the 

samples into groups by microscopical examination, using the 
direet-counting method.° 

The results are summarized in Table I. 

In interpreting the results of the microscopical examination 
with reference to the fitness or keeping quality of milk for 
domestic use, milks in Class I are regarded as excellent, in Class IT 
as satisfactory, in Class IIT as unsatisfactory, and in Class IV as 


TABLE I. 


Comparison of Results of Brom-Cresol Purple Test with Classification by 
Mier roscopical Examination. 


| No No. of | ] Milk 
NO. 0 samples| samples show-  show- 
No. of individual bacteria per ce. of milk. | | | 
| ined. | ool ing keeping 
| | color. qua ity ity. 
| 
i Below 350,000. atic. .| 283 41 | 242 | 85.5] 14.5 
Il | Between 350,000 and 1,000,000. 21 6 | 15 | 71.5 | 28.5 
111 “1,000,000 and 10,000 000. 52 33 | 19 | 36.5 | 63.5 
IV) Over 10,000,000. 18.0 82.0 


very unsatisfactory. While there is a general correspondence be- 
tween the results obtained by the microscopical examination and 
by the brom-cresol purple test, the agreement is not complete. 
In Class I, representing milk of excellent quality by microscopical 
examination, 242 samples out of 288 show no change by the 
brom-eresol purple solution, thus confirming the results of the 
microscopical examination; but 41 samples out of the 283, or 14.5 
per cent, show sufficient increase of acidity to be detected by the 
brom-eresol purple solution. In Class II, of the 21 samples 
graded as satisfactory by microscopic examination, 6 samples, or 
28.5 per cent, show increase of acidity with brom-cresol purple 
solution. In Class III, 52 samples are graded as unsatisfactory 


* Breed, R.S., New York Agric. Exp. Station, Techn. Bull. 49, 1916. 
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by the microscopic method, while 19 samples, or 36.5 per cent, 
fail to show increased acidity. In Class IV, 33 samples are 
graded as very unsatisfactory by the microscopical method, but 
of these there are 6, or 18.0 per cent, which show no increase of 
acidity. These observed differences of interpretation in the ap- 
plication of these two methods to the determination of keeping 
quality in milk are what might be expeeted under the conditions 
and are easily explained. The brom-cresol purple test is here 
apphed to detect increase of acidity while the microscopical 
examination includes all kinds of bacteria and not merely those 
‘capable of producing acid. It is obvious that in the case of 
bacteria producing no acid or only very small amounts under 
the conditions of the test, the brom-cresol purple test would 
not be expected to apply as it does in the case of marked acid 
producers. 

2. The New York City Samples.—These samples were obtained 
in the regular inspection work of the city milk supply, through the 
courtesy of Dr. Wm. H. Park, Director of the Laboratories of 
the Department of Health. We are indebted also to Dr. Hazel 
Hatfield for the work done in making the bacteriological exami- 
nations of the samples. There were examined 220 samples of 
unheated or raw milk and 186 of pasteurized milk. The bae- 
teriological examination was made by the official plate method 
after incubation at 37°C. The tests with brom-cresol purple 
solution were made in all cases on samples incubated at 18°C, 
for 24 hours. This temperature is higher than that found in 
efficient household refrigerators, but it may be regarded as repre- 
senting approximately the average temperature at which milk is 
kept after delivery to the consumer. 

The division into classes on the basis of bacterial content hus 
been earried farther than in case of the Geneva milks, providing 
fifteen different divisions as shown in Table II. 

The results with the raw milks examined in New York City 
show, in general, that when the numbers of bacteria increase, 
there is an increase in the percentage of samples showing increase 
of acidity. Milks with high bacterial content usually show poor 
keeping quality by the brom-cresol purple test, while those con- 
taining small numbers of bacteria generally show good keeping 
quality by the color test. However, some milks with fairly high 
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TABLE II. 
Results of Examination of New York City Milks. 
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bacterial content show good keeping quality, while some with a 
low content show poor keeping quality, by the brom-cresol 
purple test. 

With pasteurized milks we obtain similar results, except that 
a large proportion of the milks with the higher bacterial content 
show good keeping quality by the brom-cresol purple test. 

The results obtained with the New York City mulks are not 
properly comparable with those obtained with the Geneva milks, 
especially for two reasons. In the first place, the two methods 
of obtaining the bacterial content, Breed’s direct-counting method 
and the so-called official plate method, do not give results suf- 
ficiently comparable for our purpose. In the second place, the 
New York City milks average probably not less than 24 hours 
old when the samples are used for laboratory work, while the 
Geneva samples are not more than 6 to 16 hours old. 

In the summary of the results here presented, we do not give 
the varying degrees of acidity developed on inculation but only 
the general fact of an increase. Data in greater detail are being 
collected. 


Additional Work. 


While some observations have been made on the relation of 
the other factors to keeping quality, much additional work 
remains to be done along the following lines: (1) Digestion of 
easein, (2) production of alkali, (3) production of gas, (4) taste 
and odor, (5) relation of age of milk to temperature and length 
of time of incubation. 


SUMMARY. 


1. Brom-cresol purple can be used to measure approximately 
and relatively the keeping quality of milk. The test is applied 
in the manner described in the article preceding (page 357), with 
the modification that the pipettes and test-tubes used are steri- 
lized before sampling the milk, and, further, the samples of milk 
in the test-tubes must be incubated a given time’at a given. 
temperature (usually 18° to 20° C.). The milk is examined for 
changes of color at 24 hour intervals. The main factor shown by 
this test as related to keeping quality is production of acid, but 
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additional factors to be observed are coagulation of casein, diges- 
tion of casein, production of alkali, production of gas, develop- 
ment of abnormal odor and taste. 

2. In showing the development of acidity, four stages of 
progress are distinguishable through change of color, varying from 
the grayish-blue of brom-cresol purple in normal milk to a final 
clear vellow, the intermediate stages showing mixtures of color. 
In comparing this test with the bacterial count, it is found that 
in general large numbers of bacteria and increase of acidity are 
in fair correlation. 

3. The other factors related to keeping quality, such as diges- 
tion, gas, alkali production, and abnormal odor and taste, are 
readily observable, but frequently not until after 24 hours of 


incubation. 
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EXTRACTION AND CONCENTRATION OF THE WATER- 
SOLUBLE VITAMINE FROM BREWERS’ YEAST.* 


By THOMAS B. OSBORNE anp ALFRED J. WAKEMAN. 


(From the Laboratory of the Connecticut Agricultural Experiment S‘ation, 
New Haven.) 


(Received for publication, October 1, 1919.) 


In making experiments to determine the nutritive value of 
individual proteins it is necessary to employ a source of the 
water-soluble vitamine in the synthetic diet. Heretofore it has 
been customary to feed some natural product such as protein- 
free milk, wheat embryo, or yeast to supply the necessary amount 
of this vitamine. All such products, however, contain relatively 
considerable quantities of nitrogenous substances, including pro- 
teins, hence there is always a question as to whether, or not, 
these so supplement deficiencies in the protein being tested as 
to give more or less misleading results. Such criticisms are not 
entirely unjustified because the nitrogen supplied together with 
the vitamine may be equal to 10 to 12 per cent of the nitrogen 
fed. Since some of such nitrogen belongs to protein and most 
of this to amino-acids identical with those contained in the pro- 
tein being tested there is little reason to believe that the results 
of the experimental feeding are seriously affected. Nevertheless 
there is always a possibility that this may happen and we have 
had a feeling that some of our results may have been affected to a 
noticeable extent. A concentrated preparation of the water- 
soluble vitamine would also be of value for feeding experiments 
with inorganic salts as well as with individual carbohydrates. 
With a view to producing such a preparation we have attempted 
to concentrate the water-soluble vitamine in a fraction of yeast. 

We have long known that the water-soluble vitamine is insol- 
uble in absolute alcohol, hence it seemed probable that by 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D.C. 
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fractionally precipitating the aqueous extract with alcohol this 
might be concentrated in a fraction and thus be obtained together 
with a comparatively small proportion of the other constituents 
of the yeast. 

The first step towards this end was the preparation of an 
aqueous extract which should contain as much of the vitamine 
and as little of the other constituents of the yeast as possible. 
Almost all investigators who have attempted to separate the 
water-soluble vitamine from yeast have apparently considered 
it necessary to bring into solution as much as possible of the 
eontents of the yeast cells. To accomplish this they have 
generally allowed the yeast to undergo autolysis, whereby a 
considerable part of the protein, as well as of other constituents 
of the yeast, is converted into water-soluble products largely of 
unknown character. 

If the protein in the living yeast could be coagulated by boiling 


Fi water before undergoing any autolytic change, and the water- 
A soluble vitamine be simultaneously extracted, the conditions for | 
# a concentration of this vitamine in a fraction of the water extract 
. would be greatly simplified. E 
EXPERIMENTAL. 
a ral of fresh otto: yecask wes obtained directly 
iy (rom a brewery, and immediately diluted with ice water. After 


centrifuging, the sediment was washed twice more in the same 
way. The moist, washed veast weighed 264 gm., equal to 48 gm. 
dried at 107°. This was stirred gradually into 1 liter of boiling 
distilled water containing 10 cc. of 1 per cent acetic acid. After 


i boiling for about 2 minutes the solids were separated from the 
‘ extract with the centrifuge. The residue was washed once by 
Hi boiling with 0.01 per cent acetic acid and, after centrifuging, the 
| extracts were united and concentrated to 500 cc. This con- 
a centrated extract contained 8.14 gm. of solids, equal to 17.1 per 
; cent of the dry veast, and 0.666 gm. of nitrogen, equal to 14.4 
a per cent of the original yeast nitrogen, or to 8.18 per cent of the 
ny solids of the extract. 

uf | Although this extract contained less than one-fifth of the 
i veast solids it contained nearly all the water-soluble vitamine. 
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No water-soluble 
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No water-soluble vitamine 


k 10 days 4 


Cuarr I. Young rats declining on a diet free from water-soluble 
vitamine recover when the solids extracted from live yeast by boiling 
water are added in a quantity equal to 0.1 to 0.2 gm. of the original yeast. 


Chart I (see Rats 5113 and 5127) shows that daily doses of 17 
mg. of the solids of this extract promoted the recovery and rapid 
growth of young rats declining on a diet free from the water- 
soluble vitamine, but which in other respects was adequate. 
When 3+ mg. of the veast extract were fed (see Rats 5109 and 
9173) the rate of gain was no greater, hence it appears that the 
smaller dose supplied as much of the water-soluble vitamine as 
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these animals needed. These doses were equivalent to only 0.1 
and to 0.2 gm. respectively of the original dried yeast. Usually 
0.1 gm. of dried yeast is not sufficient to promote such a vigorous 
gain of weight as these rats showed, hence we conclude that this 
boiling water extract contained nearly all the water-soluble 
vitamine of the yeast from which it was derived. 

When we found that this aqueous extract was so rich in the 
water-soluble vitamine, a similar extract from a larger quantity 
of fresh bottom yeast was subjected to fractional precipitation 
by aleohol. After washing with ice water, the 4.5 kilos of the 
moist yeast, equal to 830 gm. dried at 107°, were stirred slowly 
into 10 liters of boiling water containing 0.01 per cent of acetic 
acid. After boiling about 5 minutes the extract was readily 
filtered through folded soft papers. The residue was washed 
once by boiling with 5 liters of 0.0L per cent acetic acid and the 
washings, united with the main extract, were concentrated to 2 


At 


| : liters. This contained 140 gm. of solids, equal to 16.9 per cent of 
# the dry yeast, and 12.02 gm. of nitrogen, equal to 13.7 per cent of 
# the original veast nitrogen, or to 8.6 per cent of the solids of the 
i extract. These are substantially the same proportions as were 
found in the preceding experiments. 
a The concentrated extract was then poured into 3 liters of 98 
5 per cent alcohol, making the alcoholic content of the mixture 
i about 52 per cent by weight. The flocculent precipitate, Frac- 
aa tion I, which separated, when washed with 52 per cent alcohol, 
.: digested with absolute alcohol, and dried over sulfuric acid, 
? formed a nearly white powder, equal to 35.9 gm. dried at 107°. 
4 This fraction formed 4.3 per cent of the dry veast or 25.6 per cent 


| 
i of the solids of the water extract. It contained 1.72 gm. of 


Pi nitrogen, equal to 1.9 per cent of the original yeast nitrogen, or 
j f to 4.8 per cent of the precipitate. Its ash content was 47.15 
per cent. 

a ‘ The filtrate and washings from Fraction I were concentrated to 
; i 300 ec. and poured into 1,960 ec. of 93 per cent alcohol, making 
ak the alcoholic content of the mixture about 79 per cent by weight. 
Bi The precipitate, Fraction II, thereby produced was washed once 
ne with 79 per cent alcohol, and then twice dissolved in about 100 
a ec. of water, and reprecipitated by pouring into enough alcohol to 
q make the aleoholic concentration 90 per cent by weight. After 
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digesting under absolute alcohol and drying over sulfuric acid a 
light-colored, friable product was obtained equal to 51.8 gm. 
dried at 107°, or to 37 per cent of the solids of the extract, or to 
6.2 per cent of the dried yeast. This contained 7.5 per cent of 
nitrogen, equal to 4.5 per cent of the nitrogen. of the original 
veast, and 10.65 per cent of ash. 

The united solutions from Fraction II were concentrated to a 
small volume and poured into enough absolute alcohol to make 
the aleoholic concentration of the mixture 90 per cent by weight. 
The precipitate which separated, Fraction III, was dissolved in 
100 ec. of water and again precipitated by alcohol at 90 per cent. 
Since this precipitate was gummy it was again dissolved in about 
30 ce. of water and the solution poured into 500 ec. of absolute 


alcohol. The still gummy precipitate was digested with absolute 
TABLE I. 
| | Solids. | Nitrogen. | 
Nitro- Ash of 
| gen. | Of Of water) Of Of frac tion. 
| | yeast. | extract. fraction. yeast. | 
gm. | per cent percent per cent | per cent | pon 
Water extract...... 140.0) 12.0 16.9 100.0) 8.6 13.72 21.70 
Peiction 4.3 | 25.6 4.8) 1.94 | 47.15 
64.8 | 3.9 6.2 37.0 7.9 4.45 10.65 
| 13.9; 1.8] 16); 9.9] 13.1} 2.06 | 15.90 


alcohol and dried over sulfurie acid. Fraction IIT weighed 13.85 
gm. dried at 107°,equal to 1.6 per cent of the original dried yeast, 
or to 9.9 per cent of the solids of the water extract, and contained 
1.81 gm. of nitrogen equal to 13.1 per cent of the fraction, or 
to 2.06 per cent of the yeast nitrogen. Its ash content was 15.9 
per cent. 

The strong alcoholic solutions from Fraction III were united 
and concentrated to small volume. Owing to the gummy char- 
acter of the dissolved solids these were preserved in strong 
alcohol. This solution contained solids, Fraction IV, equal to 
36.1 gm. dried at 107°, equivalent to 4.4 per cent of the original 
yeast or to 25.8 per cent of the solids of the water extract. It 
contained 10.83 per cent of nitrogen, equivalent to 4.5 per cent 
of the yeast nitrogen, and 15.9 per cent of ash. The results of 
this fractionation are summarized in Table I. 
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If the water-soluble vitamine was wholly concentrated in any 
one of these fractions quantities of each equivalent to the original 
veast from which it was derived should be as effective as the 
latter in promoting the recovery of young rats declining on a diet 
free from this accessory. As 0.2 gm. of the entire yeast has 
proved to be sufficient for this purpose, and 0.1 gm. usually to 
be insufficient, these fractions were mixed with starch in such 
proportion as to make the mixture contain the same percentage 
of the fraction as did the original yeast. Thus 0.2 gm. of the 
starch-fraction mixtures contained of Fraction I 8.6 mg., I] 12.4 
mg., III 3.2 mg., IV 8.8 mg. Since Fraction II formed a larger 
percentage of the veast than did any of the other fractions the 
absolute amount of each of these fractions in the respective 
starch mixtures was less than that of Fraction II. The feeding 
experiments to be described consequently do not afford a strict 
comparison of the efficiency of the fractions relatively to one 
another. They do, however, enable us to determine in which 
fraction the greater part of the total water-soluble vitamine of 
the veast was concentrated. Charts II, III, and IV show the 
results of such feeding experiments. Chart II (Rats 5191, 5199, 
and 5291) shows that no appreciable gain of weight was made 
when doses of Fraction I equivalent to 0.2 gm. of yeast were 
fed daily. That this fraction was not wholly free from the 
water-soluble vitamine is shown by the slight gains made by 
Rats 5191 and 5291 after doubling the dose. When Rat 5199 
was given daily doses of Fraction II corresponding to 0.2 gm. of 
veast, it gained weight rapidly. Chart III shows that Rats 5116 
and 5289 which received daily doses of Fraction II equivalent 
to 0.2 gm. of yeast gained weight rapidly. Rat 5116 when given 
0.2 gm. of veast grew no faster. icet 5198 which received a 
daily dose of Fraction II equivalent to only 0.1 gm. of yeast 
made a fairly rapid gain of weight although only 6.2 mg. of the 
fraetion were fed. Chart IV shows that Rats 5054 and 5288, to 
which doses of Fraction III equivalent to 0.2 gm. of yeast were 
given each day, and Rats 5039 and 5131, to which similar doses 
of Fraction IV were given, gained so little weight that it is evident 
that neither of these fractions contained as large a proportion of 
the water-soluble vitamine of the original veast as did Fraction 
Il. The shght gain of weight made by the rats having Frac- 
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Cuarr If. Young rats after declining on a diet free from water-soluble 
vitamine fail to recover when quantities of Fraction I, equivalent to 0.2 
gm. of yeast are added daily to their diets, buterecover when given similar 
proportions of Fraction Il or 0.2 gm. of yeast. Even doubling the quan- 
tity of Fraction I caused very little gain in weight. 
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Fraction I] 
12.4 mg. 
= 0.2 gn. 
yeast 


No water-soluble qt? 
vitamine 


| k 30 days | 


Cuart Ill. Young rats declining on a diet free from water-soluble 
vitamine recover when given quantities of Fraction II equivalent to 0.2 
or 0.1 gm. respectively of yeast. When 0.2 gm. of yeast was given to Rat 
5116 instead of Fraction II it did not gain any faster. 
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Fraction IV.6.8 meg. 
= 0.2 gm. yeast 


Fraction II11.3.2 mg. 
2 0.2 gm. yeast 


No water-soluble 
vitanine 
Fraction JII 1.6 re. 
= gm. yeast 


Cuart IV. Young rats declining on a diet free from the water-soluble 
vitamine fail to recover when given quantities of Fractions III or IV 
equivalent to 0.2 gm. of the original yeast. Recovery is prompt when 0.2 
gin. of yeast is given, 
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tions II] and IV indicates, however, that these fractions con- 
tained some of the water-soluble vitamine. In view of the fact 
that daily doses of only 3.2 mg. of Fraction ITT enabled Rat 5288 
to make a relatively considerable gain of weight shows that this 
fraction contained, weight for weight, as much, if not more, of 
the water-soluble vitamine as did Fraction II. However, since 
Fraction IIIT amounted to only 1.6 per cent of the veast it con- 
tained only a relatively small part of the total water-soluble 
vitamine. There ean be no question therefore that Fraction II 
contained most of the water-soluble vitamine originally present 
in the yeast. 

Having thus found that the greater part of the water-soluble 
vitamine ean be concentrated in about 6 per cent of the veast 
solids it is now possible to supply enough of this vitamine for 
normal nutrition without introducing such relatively large quan- 
tities of nitrogenous substances of unknown nature as have 
heretofore usually been necessary. Whether the method of frac- 
tionation here described is superior to precipitation by adsorption 
on Lloyd’s! reagent remains to be determined, but it would seem 
as if our Fraction dI offered advantages for the further study of 
many problems concerning the water-soluble vitamine. Accord- 
ing to Seidell, Llovd’s reagent adsorbs 4.5 per cent of the nitrogen 
from the autolyzed yeast filtrate simultaneously with the vita- 
mine, whereas our Fraction IL contained 4.46 per cent of the 
total veast nitrogen or 31.8 per cent of the nitrogen of the yeast 
extract. 

As this Fraction IT is easily prepared in large quantities it will 
certainly afford a better crude material for further study than 
does the autolyzed veast filtrate which contains a large proportion 
of the products of autolysis derived from the yeast protein which, 
as our experiments show, are not concerned in the activity of 
Vitamine preparations made from veast. The chief advantage of 
the procedure here deseribed lies in the preparation of the aqueous 
extract, for by avoiding autolysis the proportion of water-soluble 
constituents of the extract is reduced to a minimum while the 
quantity of water-soluble vitamine in the extract is apparently 


diminished. 


'Seidell, A., J. Biol. Chem., 1917, xxix, 145, 
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It will be a matter of interest to learn more than is now known 
about the chemical nature of the constituents of this water 
extract of the living yeast, not only in connection with further 
attempts to concentrate the water-soluble vitamine, but also as 
a contribution to the chemistry of eytoplasin. 

As vet we have made only a preliminary examination of this 
interesting mixture. That it consists chiefly of nitrogenous sub- 
stances is indicated by its content of about 8.5 per cent of 
nitrogen. Proteins are not present in amounts detectable by 
saturating with ammonium sulfate, or by potassium ferrocyanide 
and acetic acid. A biuret reaction has been obtained only by 
very carefully applying this test to the part precipitated by 52 
per cent alcohel. Inorganic constituents are also abundant, 
because the ash forms over 20 per cent of the dry solids. The 
different types of nitrogen in the water extract in percentage of 
the total nitrogen are shown in Table IT. 


TABLE If. 


N. | NHsN. NHN. | Basic N. | Purine N. 
Before hydrolysis......... = | 50 | 0 


The above figures indicate the presence of relatively large pro- 
portions of nucleic acid, amino-acids, and peptides, but as vet 
none of these has been isolated. Phosphatides are probably 
absent, because the ether extracts from Fractions I], II], and 
IV, the latter soluble in strong alcohol, failed to give any pre- 
cipitate when poured into acetone. 

Fraction II which contains most of the water-soluble vitamine 
presents greater interest than the aqueous extract. This fraction 
is very soluble in water, its solution being distinctly acid to litmus. 
Relatively considerable quantities of alkali are needed to produce 
a neutral reaction to litmus and not a little more must be added 
before an alkaline reaction results. Only a trace of a precipitate 
separates from the neutralized solution. - 

The unneutralized solution gives a large precipitate with lead 
acetate. Barium chloride causes only a turbidity, but yields an 


Types of Nitrogen in Per Cent of Total Nitrogen. 
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abundant precipitate when the solution is previously neutralized 
with sodium hydroxide. Silver nitrate does likewise. 

Baryta solution gives a voluminous precipitate which contains 
about 25 per cent of the solids of the fraction and a relatively 
small part of its nitrogen. About 25 per cent more of the fraction 
is thrown out of the alkaline filtrate from the barium precipitate 
by silver nitrate. This precipitate, when thoroughly washed 
with baryta solution, contains nearly one-half the nitrogen of the 
fraction. The aqueous solution of Fraction Il when acidified 
with sulfuric acid yields a very large precipitate with phospho- 
tungstic acid. Mercuric chloride gives a precipitate; copper sul- 
fate gives none. An aqueous or alcoholic solution of picric acid 
gives a precipitate if enough is added. Whether any one of the 
above precipitates contains some or all of the water-soluble 
vitamine remains to be determined. 

Such preliminary observations indicate that a variety of sub- 
stances are present in this fraction, but give no clue to the nature 
of the water-soluble vitamine. We have provided ourselves with 
several kilos of this active veast fraction and are now engaged in 
a systematic study of its constituents. 
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CRYSTALLINE SALTS OF URIDINPHOSPHORIC ACID. 
By P. A. LEVENE. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, October 31, 1919.) 


Uridinphosphoric acid was previously described in form of its 
ervstalline brueine and barium salts.'. The identification of a 
nucleotide in form of its brucine salts was found not sufficiently 
relinble. The erystallization of the barium salt of uridinphos- 
phoric is a slow and tedious process. Hence it was desirable to 
find such salts of the nucleotide which could be erystallized with 
readiness when one is in possession even of only a small quan- 
tity of material. In this communication are described several 
such salts; namely, the mono- and the diammonium salts of 
uridinphosphorie acid. the neutral lead salt, and the brucine salt 
prepared from the crystalline ammonium salt. 

The neutral ammonium salt is readily prepared from the 
brucine salt and crystallizes as heavy, elongated prisms. In 
aqueous solution its optical rotation is fal, = + 21.0. It erys- 
tallizes with one crystal water. 

The mono-basic salt erystallizes in form of long, prismatic 
needles. It is very soluble in cold and hot water, and in hot 
glacial acetic acid. In aqueous solution it has an optical rota- 
tion of fal, = + 13.0. The air-dtv substance contains no 
erystal water. 

The neutral lead salt crystallizes in long needles, and was 
found very useful in obtaining pure uridinphosphoric acid when 
the original brucine salt had not been sufficiently purified. 

The brueine salt was prepared in order to establish the con- 
stants of the compounds, since there was no conclusive evidence 
as to the absolute purity of the brucine salt obtained on fraetiona- 
tion of the mixed brucine nucleotides derived from the products 
of hydrolysis of nucleic acid. 

' Levene, P. A., Proc. Soc. Exp. Biol. and Med., 1917, xv, 21; J. Biol. 
Chem., xxxi, 229. 
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EXPERIMENTAL. 


Di-basic ammonium salt was prepared by decomposing with 
aqueous ammonium hydroxide a solution of the brucine salt of 
uridinphosphoric¢ acid in 35 per cent alcohol. The brucine salt of 
the mononucleotide was obtained either on acid or on ammonia 
hydrolysis of veast nucleic acid. 

The crude ammonium salt was dissolved in a minimum volume 
of hot water and to the solution hot methyl! alcohol was added to 
very slight opalescence. On standing over night a deposit of 
heavy crystals formed. In subsequent experiments crystalliza- 
tion began immediately after addition of alcohol, if the solution 
was seeded with a crystal of the pure substance. The substance 
decomposed at 185°C. (uncorrected). 


0.0994 gm. of the substance gave 0.1048 gm. of CO, and 0.0486 gm. of 


H.0. 

0.1000 gm. of the substance analyzed for Kjeldahl nitrogen estimation 
required 10.68 ce. of O.1 N acid. 

0.3000 gm. of the substance gave 0.0870 gm. of MgeP2O>. 


Calculated for 
CyHisNsPO, + H2O. Found. 


per cent per cent 


The optical rotation of the substance was as follows. 


[oe], = = + 21.0 


Mono-basic ammonium salt was prepared in the following way: 
2.0 gm. of the neutral salt were dissolved in 15.0 ce. of glacial 
acetic acid, and to the hot solution hot ethyl] acetate was added 
dropwise. Care was taken to wait with further addition until 
the precipitate forming on contact of ethyl acetate with the solu- 
tion had disappeared. After a slight opalescence was established, 
the solution was allowed to stand over night. <A crystalline sedi- 
ment was found in form of balls consisting of long needles. In 
subsequent experiments, if the solution in glacial acetic was 
seeded with the pure substance, crystallization began immedi- 
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ately. The air-dry substance contracted at 210°C. (corrected) 
and decomposed at 242°C. (corrected). 


0.1000 gm. of the substance gave 0.1142 gm. of CO, and 0.0452 gm. of 
H,0. 

0.1000 gm. of the substance employed for Kjeldahl nitrogen estimation 
required for neutralization 8.8 ec. of 0.1 N acid. 

0.3000 gm. of the substance gave 0.0943 gm. of Mg2P2O-. 


Calculated for 
Found. 
per cent per cent 
a 


The optical rotation of the aqueous solution was as follows. 


= = + 13.0 


Neutral lead salt was prepared in the following way: 2.0 gm. 
of the neutral ammonium salt were dissolved in 50 ee. of water; 
to the solution 10 cc. of glacial acetic acid were added, and to the 
hot solution of the nucleotide a hot solution of neutral lead ace- 
tate was added. Immediately a gelatinous precipitate formed 
which, on boiling, disappeared nearly completely. The solution 
was filtered and seeded with a few crystals obtained from a test- 
tube experiment. Crystallization in long needles began immedi- 
ately. The crystals once formed are very little soluble in boil- 
ing water. 

Dried to constant weight the substance had the following 
composition. 


0.1070 gm. of the substance gave 0.0788 ym. of CO». and 0.0206 gm. of 
H,0. 

0.1856 gm. of the substance employed for Kjeldahl nitrogen estimation 
required for neutralization 6.90 cc. of 0.1 N acid. 

0.2782 gm. of the substance gave 0.0573 gm. of Mg2P2O;. 


Calculated for 
NePOsPb. Found. 
per cent per cent 
2.10 y By 
N.. 5.29 5.21 
5.S6 5.74 
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Brucine Salt of Uridinphosphoric Acid.—About 4.0 gm. of the 
neutral ammonium salt were converted into the lead salt. This 
was treed from lead by means of hydrogen sulfide and the brucine 
salt was obtained in the usual way. The salt was recrystallized 
twice, each time out of 1,500 ee. of 35 per cent alcohol. 

The air-dry substance effervesced without becoming trans- 
parent at 185°C. (corrected) and contracted and melted without 
further decomposition at 195°C. (corrected). 

The air-dry substance had the following composition. 


42 


co 0.0996 gm. of the substance gave 0.1948 gm. of COs and 0.0591 gm. of 
aa 0.2000 gm. of the substance gave 12.8 cc. of nitrogen gas at T° = 24°C., 
at = 759 mm. 

gq a 0.3000 gm. of the substance gave 0.0270 gm. of MgeP20-. 

Calculated for 

Co His Hoe Found. 

per cent per cent 
ee The rotation of the substance, owing to the insolubility of the 
a substance, was taken in great dilution, and was as follows. 

Ei, — 0.16 X 100 
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ON THE IDENTITY OF THE WATER-SOLUBLE GROWTH- 
PROMOTING VITAMINE AND THE ANTINEURITIC 
VITAMINE. 


By H. H. MITCHELL. 


(From the Department of Animal Husbandry, University of Illinois, Urbana.) 
(Received for publication, October 13, 1919.) 


The vitamine requirements of animals have been nvestigated 
along two distinct | nes; 7.e.,(1) through a study of the nutritive 
deficiencies of rations containing only known chemical compounds, 
and (2) through a study of the prevention and cure of certain 
diseases definitely referable to faulty diet. By the first line of 
investigation it has been repeatedly demonstrated that, besides 
the well known constituents of plant and animal tissues, the 
higher mammals require for the maintenance of health, and even 
of ‘ife, and for the production of normal growth smal! amounts 
of substances of unknown composition, more or less widely 
distributed throughout natural food products. At least two such 
substances are required. One is associated with certain animal 
fats and fresh leafy vegetables especially, and various y referred 
to as the fat-soluble vitamine or growth-promoting substance, 
or as fat-soluble A, a convenient abbreviated term introduced 
by MeCollum and Kennedy, which unfortunately has not the 
general currency that it deserves. The other growth-promoting 
substance Is never associated with fats, but is e-pecially rieh in 
the glandular tissues of animals, hens’ eggs, the embryos of seeds, 
and the leaves of plants. It is spoken of as the water-soluble 
growth-promoting vitamine or as water-soluble B (MeCollum). 
Any assertion that the common sources of either of these vitamines 
contain only one Indispensable substance is based purely upon 
circumstantial evidence. 

By the second ‘ine of investigation it has been shown with 
reasonable certainty that there are at least two d seases referable 
to faulty diet, the cause of which, in each case, is a deficieney in 
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the diet of an unknown substance associated with natural food 
products. These two diseases, beri-beri and scurvy in man (or 
polyneuritis in pigeons and scurvy in guinea pigs), are “deficiency 
diseases”’ in the sense that they may result when an animal 
subsists on food containing all the known and well recognized 
constituents of a complete diet, and may be cured, except for 
serious organic lesions, by adding to such a diet small amounts 
of extracts of certain natural food products. The unknown 
substances involved in the production of these two deficiency 
diseases have been called the antineuritic vitamine and the 
antiscorbutic vitamine, respectively, and their distribution in 
plant and animal tissues, their solubilities, and chemical prop- 
erties have been the subject of a large amount of research. 
Besides these two deficiency diseases, no others are generally 
recognized as such. A condition of sore, inflamed eyes, which, 
according to MeCollum, should be diagnosed as xerophthal- 
mia, often results from a deficiency of sources of fat-soluble 
A in the diet. While McCollum definitely classifies this con- 
dition as a deficiency disease, it does not seem to be generally 
recognized as such, and a reasonable doubt may exist as to 
whether it invariably results from a deficiency of fat-soluble A 
and whether its etiology does not involve an infection avoidable 


~ 


oh by exercising proper sanitary measures alone.! 

on It is evident that the numerous recent investigations on vita- 
ar mines that have been undertaken by many workers, especially in 


4 America and England, have seriously complicated the problem of 
3 the nutritive requirements of animals. Any experimental evi- 

e dence that would simplify this situation would therefore be doubly 


Pe welcome. However, an undue simplification, based upon insuf- 
4 : ficient evidence, would lead to confusion and might seriously 
ay impede progress. One possibility that would simplify matters 
a would be a clear-cut demonstration that two or more of these 

{ vitamines are in fact identical. That fat-soluble A and water- 


soluble B are identical, or that the antineuritic and antiscorbutic 
vitamines are identical, may be ruled out at once on the evidence 
at present available. However, the identity of water-soluble B 
and the antineuritic vitamine is a possibility not definitely dis- 


1 Bulley, E. C., Brochem., J., 1919, xiii, 103. 
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posed of in this summary manner. In fact, the belief exists in 
many quarters that such an identity exists. This belief ranges 
from positive conviction, through tacit acceptance, to a frank 
weighing of probabilities. On the one hand is the statement of 
MeCollum and his coworkers that: “ Xerophthalmia poly- 
neuritis are abundantly demonstrated to have their origin in the 
lack of a sufficient amount of the fat-soluble A and water-soluble 
B respectively in the diet.”" Evidently as the result of this 
unequivocal attitude of McCollum, some investigators use the 
terms “water-soluble and ‘“‘antineuritie vitamine’” inter- 
changeably. Osborne and Mendel are more conservative: 
“Whether or not the antineuritic component [of yeast] is identical 
with the growth-promoting one is a question which as yet has 
received no definite answer. Again, after referring 
to studies of the protective, curative, or antineuritic properties 
of certain animal tissues, they say: “That the substance which 
induces the remarkable recoveries which have been deseribed in 
these cases is identical with the water-soluble hormone which is 
so essential for growth and maintenance is as yet merely a matter 
of conjecture.’ 

In view of the importance of the question of the identity of 
these two vitamines, one essential for the maintenance of life 
and growth, the other for the prevention of multiple neuritis, 
and in view of the lack of general acceptance of the affirmative 
statement of McCollum and coworkers, a somewhat searching 
critical consideration of the evidence may render a real service 
in clarifying the issue and indicating the most likely points of 
future attack. 

The conclusion that the two vitamines are identical seems to 
be based upon the following grounds. (1) The distribution of 
the two substances in natural food products is very similar and 
the correlation between the actual amounts (in as far as these 
have been measured by biological tests) found in different prod- 
ucts appears to be close. (2) The lack of known sources of water- 
soluble B in the diet of various species of experimental animals 


MeCollum, KE. V., Simmonds, N., and Parsons, H. T., ./. Biol. Chem., 
xxxii, 413. 

> Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1917, xxxi, 154. 

* Osborne, T. B., and Mendel, L. B., J. Brol. Chem., 1917, xxxii, 311. 
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seems generally, if not always, to result in symptoms of nerve 
degeneration and paralysis. (3) Extracts of natural food products 
possessing growth-promoting properties are said to contain very 
probably only one indispensable vitamine, though supplementing 
satisfactorily a ration containing no other possible source of 
antineuritic vitamine. (4) The solubilities of the two vitamines 
in the common solvents are said to be identieal. (5) Attempts 
at isolating the two vitamines have shown that they possess 
identical precipitants and adsorbents. (6) The stabilities of the 
two substances, especially to acids, alkalies, and elevated tem- 
peratures, seem to be similar if not identical. 

Critical analyses of these points are presented in order. 

1.-Whuile the distribution of the two vitamines among natural 
food products is strikingly similar in many respects, there are 
some instances where the correlation is not close. Through the 
work of Osborne and Mendel,’ it has been shown that green 
vegetables, such as cabbage and spinach, are rather rich sources 
of water-soluble B, compared, for example, with the whole cereal 
grains. MeCollum and Kennedy,® however, have found that, 
sabbage contains the antineuritic factor in ‘ta quite low con- 
eentration,”’ a conclusion confirmed by some recent work of Chick 
and Hume.* These investigators have concluded from experi- 
ments on the relative vitamine content of a large range of different 
foodstuffs that fresh and desiccated vegetables, including the 
cabbage, onion, and carrot, are poor sources of the antineuritic 
vitamine as compared with whole wheat, being about’on a par 
with fresh meat. Fresh meat is known to be a poor source of 
both water-soluble B and the antineuritic vitamine,’ but, on the 
other hand, the carrot seems to be rich in water-soluble B,° 
though poor in antineuritic vitamine. Again, Chick and Hume 
have found the potato to have a very low content of antineuritic 
Vitamine, having practically no value as a preventive against avian 


Osborne, T. B., and Mexdel, L. B., J. Brol. Chem., 1919, xxxvin, 187. 

‘McCollum, EF. V., ©., Biol. Chem., 1916, xxiv, 496. 

7Chick, H., and Hume, EF. M., Tr. Soc. Trop. Med. and Hig., 1916-17, 
x, 156. 

8QOsberne, T. B., and Mendel, L. B., J. Biol. Chem., 1917, xxx, 309. 
Cooper, A; fire... 1912, xii, 4303 wiv, 


Sugiura, K., and Benediet, R., J. Brol. Chem., 198, xxxvi, 171, 191. 
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polvyneuritis, a result confirmed by Vedder and Clark,'® though 
MeCollum and Kennedy claim that potato Juice possesses a 
moderate curative power. As regards its content of water-soluble 
B, however, MeCollum, Simmonds, and Parsons! have shown 
that the potato, when constituting 84.5 per cent of the ration of 
rats, provides enough of this vitamine for normal growth. 
Chamberlain, Vedder, and Williams’? found water extract of 
onions to have no curative effect on polyneuritic pigeons, though 
Osborne and Mendel discovered considerable water-soluble B 
in this food as well as in turnips, beets, and tomatoes. 

The green vegetables, and roots and tubers seem in general, 
therefore, to contain rich or moderate amounts of the growth- 
promoting water-soluble vitamine, and small amounts or none 
at all of the antineuritic vitamine. If this relation is abundantly 
confirmed by future research, it may of itself effectively dispose 
of any contention of the identity of the two vitamines. The 
evidence as it stands, however, does not amount to finality for 
several reasons. Much recent work has shown that the vitamine 
content of fresh vegetables, and roots and tubers is extremely 
ranlable, depending apparently on the freshness and maturity 
of the material. No experiments appear to have been carried 
out on the antineuritie and the growth-promoting properties of 
the same vegetable samples. Again, the experimental polyneu- 
ritis of pigeons is almost invariably induced by a diet of polished 
rice in investigations on the comparative antineuritic properties 
of foods. Polished rice, however, is defective in several factors 
besides the antineuritic factor. It is therefore probable that foods 
containing comparable amounts of this vitamine may be 
unequally effective in preventing or curing the polyneuritic symp- 
toms, depending upon the extent to which they supplement 
polished rice in these other respects. Conversely, foods con- 
taining unequal concentrations of the antineuritie principle may 
have their relative values as sources of the vitamine distorted for 


'Y Vedder, EF. B., and Clark, E., Phil/pp ne J. Sc., Section B, 1912, vii, 423. 

MeCollum, E. V., Simmonds, N., and Parsons, IL. T., ./. Biol. Chem., 
xxxvi, 208. 

'? Chamberlain, W. P., Vedder, Ic. B., and Williams, R. R., Philippine 
J. Sc., Section B, 1912, vit, 45. 

'’ Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1919, xxxix, 29. 
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the same reason. The argument is illustrated by the experience 
of Campbell and Chick with seorbutic rations.“ A ration of 
oats, bran, and water produces death from scurvy in guinea pigs 
in 3 to 4 weeks. However, the addition of 60 ec. of autoclaved 
milk, a food containing no demonstrable antiscorbutic value, 
delays the onset of scurvy from 1 to 3 weeks, evidently simply 
by correcting the deficiencies of the basal ration in faetors other 
than the antiscorbutic. 

Further evidence, out of harmony with the assumption that 
water-soluble B and the antineuritic vitamine are identical, is 
atforded by experiments on unpolished rice. MeCollum and 
Davis® have shown reason to believe that unhusked rice is ade- 
quately supplemented by casein, salts, and butter fat, similar to 
the other cereal seeds. Gibson and Concepcion,!® however, report 
experiments on pigeons indicating an incomplete protection against 
polyneuritis afforded by an exclusive diet of unhusked rice. Six 
fowls were fed on palay (unhusked rice), three for 2 months, 
two for 3 months, and one for 4 months. While they de- 
veloped no symptoms of neuritis in this time, on postmortem 
examination, the sciatic nerves showed distinet degenerative 
changes in every case on being stained by the Marchi method. 
The degeneration corresponded to that obtained with birds fed 
for 2 weeks or more on milled rice. In fact, the degeneration 
in two of the birds was more pronounced than can be observed 
in some subjects that have died of rice polyneuritis. In the case 
of man, also, analogous results have been reported.!? 

2. The lack of known sources of water-soluble B in the diet of 
rats has frequently been said to result in symptoms of paralysis 
of the hind legs, and the conclusion has been drawn that a well 
defined neuritis existed. Such symptoms, however, are not uni- 
versally noted as a result of subsistence on rations totally lacking 
in water-soluble B,'§ and the conclusion that they invariably 


‘Campbell, M. Ek. D., and Chick, H., Lancet, 1919, 11, 320. 

' MeCollum, FE. V., and Davis, M., J. Biol. Chem., 1915, xxiii, 230. 

'° Gibson, R. B., and Concepeion, I., Philippine J. Sc., Section B, 1914, 
ix, 119. 

7 Strong, R. P., and Crowell, B. C., Philippine J. Sc., Section B, 1912, 
vil, 414. Shibayama, J. Trep. Med. and Hyg., 1913, xvi, 284. 

18 Osborne, T. B., Wakeman, A. J., and Ferry, E. L., J. Biol. Chem., 
1919, xxxix, 35. 
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develop cannot be verified. Even when animals do develop such 
symptoms it does not seem to be specifie to a deficiency of this 
vitamine. Hart, Miller, and MeCollum!® report experiments on 
pigs on a large number of rations, leading in many cases to 
paralysis of the hind quarters, and, as brought out by the histo- 
logical examination of sections of the spinal cord, to marked 
edema and degeneration of the motor cells. They conclude from 
this work: 


“Malnutrition, histologically characterized by nerve degeneration, may 
result from the absence of certain factors in the diet as in the case of 
beri-beri. A similar condition may likewise arise from the presence of 
toxic materials in apparently normal food products, and in the presence 
of all known factors essential for continued growth and well-being.” 


It can hardly be contended, therefore, that the appearance of 
neuritic conditions in experimental animals is an unequivocal 
indication of a deficiency antineuritic vitamine. 

3. The existence of two indispensable unknown substances in 
water and alcohol extracts of natural foods is doubted by MecCol- 
lum and Simmonds” on the basis of the following evidence. 


“In the experimental part of this paper it is shown that the water- 
soluble B is not extracted directly from beans, wheat germ, or pig kidney 
by ether, benzene, or acetone, but is readily extracted in great part by 
aleohol. After being removed by alcohol it is shown to be soluble in 
benzene, but very slightly soluble in acetone. The probability that there 
should be two or more physiologically indispensable substances in what 
we term water-soluble B, both or all of which should show the same solu- 
bility relations with three solvents, is relatively small and lends support 
to our view that the substance which protects animals against polyneuritis 
is the only essential complex in the extracts described.”’ 


While the argument is directed particularly against the theory 
that scurvy is a deficiency disease, it is Just as forceful against 
any theory that water-soluble B and the antineuritic vitamine 
are not one and the same thing. Thus, MecCollum’s theory of 
the nutritive requirements of animals, which, because of its 
simplicity and the unequivocal terms in which it is stated, has 


'° Wart, Kk. B., Miller, W. S., and MeCollum, E. V., J. Biol. Chem., 
1916, xxv, 239. 
20 McCollum, E. V., and Simmonds, N., J. Brol. Chem., 1918, xxxiii, 62. 
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gained many advocates, has no room for two vitamines possessing 
the solubilities of water-soluble B. The argument is not. par- 
ticularly impressive, being entirely of a circumstantial character. 
In fact, it is quite conceivable that the treatment of natural foods 
with boiling alcohol breaks up combinations of vitamines with 
other substances, so that removal of the water-soluble B by this 
solvent may have been a combination of chemical and purely 
solvent action. A crucial experiment that would dispose of this 
possibility would have been to boil the food with alcohol in a 
reflux condenser for a short time only, evaporate off the aleo- 
hol, and then test with acetone and benzene for extraction of 
the active substance. 

4. The solubilites of the water-soluble B and the antineuritic 
Vitamine are very largely similar. Both are soluble in) water 
and dilute alcohol and are ordinarily stated to be insoluble in fat 
solvents. Solubility in absolute aleohol is variously stated for 
both substances. Osborne and Mendel, and Drummond?! claim 
that the water-soluble growth-promoting substance of veast 1s 
insoluble in absolute alcohol, and McCollum and Simmonds” 
have found it to be only incompletely soluble in 95 per cent 
alcohol. On the other hand, Kijkman* claims that the anti- 
neuritic substance of veast Is extracted by strong alcohol. The 
neuritic curative substance of rice polishings has been repeatedly 
extracted by Funk’ and Fraser and Stanton” by absolute alcohol 
and appears to be readily soluble in this reagent. Cooper’ has 
also shown that the antineuritic vitamine of dried beef is extracted 
by absolute aleohol, and that the constituent of egg volk that 
cures polyneuritis In pigeons is readily extractable with ether? 
from the dried volk. After extraction with ether, a further vield 
was obtained from the residue by means of absolute aleohol. 

While the evidence for the solubility of the two vitamines in 
alcohol is incomplete and somewhat conflicting, though lending 


-' Osborne, T. Be, and Mendel, L. B., J. Biol. Chem., 1917, xxxi, 158, 
Drummond, J. C., Biochem. J., V7, xi, 261. 

kijkman, C., Arch. Schitis- u. Tropenhuyg., 1911, xv, 698. 

Funk, C., J. Physvol., 1911-12, xhiii, 395. 

4 Fraser, H., and Stanton, A. T., Lancet, 1910, 11, 1755. 

~MeCollum and his coworkers have repeatedly shown that water- 
soluble Bis not extracted by ether from food materiais. 
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support to the conclusion that the growth-promoting factor is 
considerably tess soluble than the antineuritic, some clear-cut evi- 
dence exists of a distinet difference in solubility in acetone and 
benzene, mainly from the work of McCollum and his associates. 
Thus, McCollum and Kennedy*® conclude from many experi- 
ments on the curative properties of various extracts of wheat 
embryo for polyneuritic pigeons that acetone and benzene ex- 
tract from this material, previously rendered fat-free by extraction 
with ether, the substance which relieves the symptoms of poly- 
neuritis in pigeons. Alcohol (95 per cent), water, acetone, and 
benzene extracts of fat-free wheat embryo were all shown to be 
capable of curing polyneuritie pigeons, and, as far as can be 
judged from the protocols of the experiments, the cure was just 
about as readily accomplished with acetone and benzene extracts 
as with alcohol and water extracts. At most, the superiority of 
the latter was slight. i 

Entirely different results were obtained by MeCollum and 
Simmonds” in later investigations on the solubility of water- 
soluble B. In investigating the growth-promoting properties of 
extracts of raw and cooked navy beans, wheat embryo, and pig 
kidney added to a basal ration deficient only in water-soluble B, 
they were able to show that acetone and benzene do not extract 
the water-soluble B from these products to any appreciable extent. 
Slight indications that the acetone extract carried traces of this 
vitamine were encountered, but they were still led to believe that 
most of the substance remained in the residue. This work con- 
firmed some previous work by McCollum and Davis’} on the 
supplementary action of acetone extracts of wheat embryo on 
polished rice. After extraction of the water-soluble B by alcohol, 
it was found by McCollum and Simmonds to be only slightly 
soluble in acetone, and many times more soluble in benzene. 


* NieCollum, E. V., and WKennedy, C., J. Biol. Chem., 1916, xxiv, 491. 

7 MeCollum, FE. V., and Simmonds, N., J. Biol. Chem., xxxii, 55. 

*% MeCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxiii, 229, 250. 
This investigation and the preceding one are open to the criticism that 
no food intake records are given in order that the reader may judge whether 
a change in ration was effective by reason of a difference in food intake 
or of a differenee in food composition, and also that the experimental 
periods were often too short to indieate any efiect at all. 
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Recently Steenbock® has reported that by means of neutral 
solvents there was prepared a water-acetone-soluble fraction from 
egg volk which in small doses by intraperitoneal injections was 
able to cure a pigeon suffering from polyneuritis. 

From the work quoted, therefore, the evidence lends support 

to the conclusion that the water-soluble B is not extracted from 
food materials to any appreciable extent by either acetone or 
benzene, and that when extracted it is still only slightly soluble 
in acetone, though readily soluble in benzene. The antineuritic 
vitamine, however, seems to be readily extracted from wheat 
embryo by acetone and benzene, and to be readily soluble in both 
of these solvents. 
5. Attempts to isolate the antineuritic vitamine from rice 
polishings and veast have been much more numerous and have 
given more definite results than similar attempts with the water- 
soluble B. The antineuritic vitamine has been shown to be 
quantitatively precipitated by phosphotungstic acid in 5 per cent 
sulfuric acid solution, giving a phosphotungstate insoluble in 
acetone. It is also completely precipitated by silver nitrate and 
barium hydroxide, only partially precipitated by mercuric chloride, 
and is not precipitated by platinie chloride. It is quantitatively 
adsorbed by animal charcoal, fullers’ earth, and by hydrated 
aluminium silicate (Llovd’s reagent). The antineuritic vitamine 
is also dialyzable. 

Wank and Macallum®® have attempted a similar fractionation of 
the water-soluble B from yeast with indifferent success. They 
showed that phosphotungstic acid precipitated the growth-pro- 
moting substance, and that the filtrate from this precipitation was 
inactive. However, only a small fraction of the growth-pro- 
moting capacity of the yeast was found to have survived this 
precipitation. Subsequent decomposition of the precipitate and 
reprecipitation with silver nitrate and baryta precipitated a 
fraction, whose growth-promoting effect was “not sufficiently 
marked to encourage further investigation.’’ Lloyd’s reagent 

‘as also used as a precipitant without much success, as the rats 
on the filtrate also showed increments in growth.- According to 
the authors: 

22 Steenbock, H., J. Biol. Chem., 1917, xxix, p. xxvil. 

89 Punk, C., and Macallum, A. B., J. Biol. Chem., 1916, xxvu, 63. 
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“The results obtained so far clearly indicate that the growth-promot- 
ing substance is analogous to and possibly identical with the beri-beri 
vitamine. . . . . However, it must be admitted that while it is un- 
certain whether these two substances are chemically different. the results 
obtained do not exclude such a possibility.’’ 


Eddy*! showed that the water-soluble portion of ‘the alcoholic 
extract of sheep pancreas contains a substance capable of inducing 
marked increase in growth when added to a ration very low, if 
not lacking, in vitamines. This substance was removed from the 
extract with Lloyd’s reagent, though the completeness of removal 
was not tested. It was also precipitated by phosphotungstie acid. 
A criticism of the work of Funk and Maeallum and of Eddy is 
that the basal ration used in making the biological tests, besides 
their deficiency of water-soluble B, could not have contained more 
than a trace of fat-soluble A. 

A more extensive and better planned experiment was reported 
by Drummond,” investigating the water-soluble B from yeast. 
Drummond was able to show that the growth-promoting sub- 
stance is dialyzable. From the dialysate phosphotungstic acid 
precipitated a fraction possessing very slight growth-promoting 
activity, while the unprecipitated fraction possessed none. The 
distinction between the two fractions was slight and in the 
absence of food intake records is not susceptible of unequivocal 
interpretation. In another experiment, better growth curves 
were obtained when the fraction represented by the phospho- 
tungstates insoluble in acetone was used than when that con- 
tained in the phosphotungstates soluble in acetone was used. 
Even smaller differences were observed between the growth 
curves of these two groups, however, than in the preceding 
experiment. Upon fractionation of yeast dialysate with silver 
nitrate and baryta, the precipitate produced with silver nitrate 
(purine fraction) had no effeet on growth, while that produced 
on the further addition of baryta (pyrimidine fraction) contained 
small traces of vitamine. 

While Drummond’s results support the view that water- 
soluble B and the antineuritic vitamine are identical, they do 
not constitute a demonstration. The lack of food intake records 
complicates their interpretation, while the large losses of vita- 
“ Eddy, W. H., J. Biol. Chem., 1916, xxvii, 113. 
Drummond, J. C., Biochem. J., VQ17, xi, 255. 
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mine as soon as precipitation was resorted to finds no parallel in 
analogous work with the antineuritic substanee. For example, 
Funk showed that the water solution of an alcoholic extract. of 
rice polishings when tested on pigeons suffering from polyneuritis 
was effective in doses corresponding to about 20 gm. of the 
original polishings. On precipitation of the solution with phos- 
photungstie acid, decomposition of the precipitate with baryta, 
precipitation of the excess barium with sulfurie acid, neutrali- 
zation and evaporation 7n vacuo, and extraction of the residue 
with absolute alcohol, the extract was found to be effective as a 
curative for polyneuritic pigeons in doses corresponding to about. 
40 gm. of the original polishings. This would indicate a loss of 
some 50 per cent in antineuritic efficiency, a much smaller loss 
than seems to result with water-soluble B, even when the manipu- 
lations after the phosphotungstic acid precipitation are simplified 
by decomposing the precipitate with an amyl-aleohol-ether mixture, 
and eliminating the absolute alcohol extraction. The ready 
adsorption of water-soluble B by precipitates of all descriptions 
postulated by Drummond, in explaining the large losses during 
chemical manipulation, does not seem to be a property of the 
antineuritic vitamine. Thus, Emmett and McKim* show that 
while this vitamine is adsorbed by fullers’ earth and Lloyd's 
reagent it is not adsorbed by the kieselguhrs or infusorial earths, 
indicating a selective adsorption by the former. Being readily 
dialyzable, there seems to be no compelling reason for believing 
it to be indiscriminately adsorbed by precipitates of all kinds. 

6. The stability of both water-soluble B and the antineuritic vita- 
mine to acids seems to be great. Even boiling the vitamines with 
concentrated mineral acids does not seem to destroy them to any 
appreciable extent, though some results reported by Drummond*® 
may be interpreted as indicating a partial destruction of water- 
soluble B by boiling with 20 per cent sulfurie acid for 10 hours, a 
result not in harmony with the work of Funk on antineuritic 
vitamine. Both vitamines seem to be stable to even concen- 
trated alkalies at room temperature.t At the boiling tempera- 

Mmmett, A. D., and Melkim, L. EL, J. Biol. Chem., 1917, xxxu, 409. 

“The conclusion of Fraser and Stanton (Fraser, H., and Stanton, 
A. T., Lancet, 1915, i, 1021), to the effeet that exposure of antineuritie 
preparations to 0.5 per cent sodium hydroxide at roem temperature very 
quickly destroyed their curative properties for pelwneuritic pigeons, has 
not been confirmed by recent investigations. 
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ture the antineuritic vitamine seems to be very rapidly destroyed 
by alkalies,*’ though experiments on this point are too few to 
warrant drawing definite conclusions. Water-soluble B does not 
seem to be destroved particularly rapidly by dilute alkalies at 
high temperatures. While Drummond® found that hot 5 per cent 
sodium hydroxide in 5 hours tends to destroy the growth-pro- 
moting properties of veast preparations, Osborne, Wakeman, and 
Ferry’ were unable to detect the slightest destruction of this 
vitamine in dry brewers’ veast after digesting for 21.5 hours 
with 0.1 N sodium hydroxide and subsequently heating on the 
water bath for 2 hours. The conflicting results of MeCollum 
and Simmonds,”? and of Daniels and McC lurg® on alkali of greater 
strength cannot at present be evaluated. For the proper solution 
of the question, food intake records must be considered. 

While both water-soluble B and antineuritic vitamine do not 
seem to be destroyed by long exposure to a temperature of 100°C. 
or even slightly higher, the evidence is conflicting for tempera- 
tures of 120°C. Early investigations on the antineuritic vita- 
mine in general substantiate the conclusion that 1 to 2 hours 
exposure to this temperature either totally destroys the antineu- 
ritic efficiency or markedly lowers it. The recent systematic 
investigation of Chick and Hume* indicates that the curative 
properties of wheat embryo and veast extract are rapidly 
destroyed at 120°C. Wheat embryo, heated at 118-124°C. for 2 
hours, failed to effect a complete cure of polyneuritis in pigeons 
when given in doses four times as large as the effective dose of 
unheated embryo. Heated at 110-117°C. ‘for 40° minutes, it 
required more than twice as much embryo. Experiments with 
veast. extract showed a slower destruction of the antineuritice sub- 
stance, since when heated at 120°C. for 2 hours 10 ce. of extraet 
seemed to be as effective in curative action as 4 e&. of the 
unheated extract. 

Unfortunately no strictly quantitative work on the effect of heat 
on water-soluble B, comparable to the investigations of Chick 
and Hume on the antineuritic vitamine, has been reported. 
MeCollum and Davis* have shown that rats grow normally on 


Daniels, A. L., and MeClurg, N. L., J. Biol. Chem., 1919, xxxvii, 

** Chick, H., and Hume, EK. M., Proce. Rey. Soc. London, Series B, 
19, xe, 60. 

MeCollum, V., and Davis, M.,./. Biol. Chem., 1015, xxiii, 247. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL XL, NO 2 
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rations containing 10 per cent of evaporated whey, heated in an 
autoclave at 15 pounds pressure (120°C.) for 1 hour, as the sole 
source of water-soluble B. In view of the low content of milk 
in this vitamine it does not seem probable that any appreciable 
destruction could have occurred in this experiment. In another 
experiment, 13.8 per cent of wheat embrvo heated in the auto- 
clave for 1 hour served as the sole source of water-soluble B, 
supporting normal growth and reproduction. MeCollum, Sim- 
monds, and Pitz®> showed that rations containing as low as 25 
per cent of navy beans, moistened, and heated in the autoclave 
for 75 minutes at 15 pounds pressure, supported normal growth and 
reproduction in rats. Daniels and MeC urg® heated navy beans, 
sov beans, and cabbage in a pressure cooker for 15 to 40 minutes 
at 120°C. and found them to be suitable sources of water-soluble 
B in the ration of rats when included in excessive amounts. No 
definite conclusions can be deduced from this experiment, how- 
ever, as to the rate of destruction of the vitamine if any 
destruction occurred. Drummond found that heating yeast dialy- 
sate for 30 minutes at 120°C. impaired its value as a source of 
water-soluble B, but the growth curves illustrating his experiment 
afford no basis for assuming any great destruction of vitamuine, 
since only 6 per cent of the preparations tested was included in 
the rations as the sole source of water-soluble B. 

The experiments just reviewed on the stabilities of the water- 
soluble growth-promoting vitamine and of the antineuritic vita- 
mine, afford no sure basis of distinction though they are sug- 
gestive as indicating a greater stability of the former to hot 
alkali and to temperatures above 100°C, 

Ir evaluating the data on the occurrence and properties of the 
two vitamines cited above, there seems to be very good reason 
for doubting their identity. In settling the question definitely, 
however, there is need of experiments in which different foods and 
preparations from foods are tested both for their growth-pro- 
moting properties and their curative effects on polyneuritic 
pigeons. Until such work is done in a quantitative way, dog- 
matic assertion that a lack of water-soluble B leads to poly- 
neuritis or beri-beri, or an interchangeable use of the terms 


= MeCollum, E. V., Simmonds, N., and Pitz, W., J. Bool. Chem., 1917, 


xxix, S21. 
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‘‘water-soluble B” and ‘‘antineuritie vitamine”’ serves no purpose, 
tending rather to impede progress in this direction. It is sig- 
nificant that while many investigators in nutrition regard the 
etiology of beri-beri as definitely cleared up, the medical pro- 
fession in those parts of the world where beri-beri is endemic are 
not at all convineed of the fact, and still believe that a definite 
infection is involved along with malnutrition.’ Furthermore, 
Gibson and Concepecion!® say that in the Philippine Islands the 
therapeutic use of rice bran or extracts and preparations of rice 
bran has not given the specifie results for man which were ex- 
pected from theoretical considerations of the etiology of the 
disease, although the mortality has been greatly reduced. Wil- 
liams and Johnston*’ also are veering away from the orthodox view 
of the eause of beri-beri in favor of a toxie view. They have 
been able to transmit polyneuritis to a pigeon, subsisting on un- 
husked rice, by feeding it the minced internal organs of birds 
that had died of the disease. This bird, 9 days after the ingestion 
of the diseased organs, developed all the typical symptoms of poly- 
neuritis precisely as do birds fed on polished rice. The 2nd day 
thereafter the bird became completely prostrated, displayed in- 
creasingly severe retraction of the neck and labored breathing, 
and died. In view of such reports it cannot be doubted that 
many points in the etiology of polyneuritis and of beri-beri still 
need to be cleared up, and that premature deductions from a 
limited amount of experimental data do not hasten but can 
only defer the ultimate solution. 


See for example the discussion by medical men of the paper of Chick 
and Hume presented before the Society of Tropical Medicine and Hygiene 
Chick, H., and Hume, EF. M., Tr. Soc. Trop. Med. and Hyg., 1916-17, 
x, 149-186). 
"Williams, R. R., and Johnston, J. A., Philippine J. Sce., Section 
1915, x, 337. 
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THE STRUCTURE OF YEAST NUCLEIC ACID. 
IV. AMMONIA HYDROLYSIS. 


By P. A. LEVENE. 
(From the Laboratories ef The Rockefeller Institute for Medical Research.) 
(Received for publication, November 1, 1919.) 


The tetranucleotide theory of the structure of veast nucleic 
acid was first enunciated by the writer! and was subsequently 
conclusively demonstrated by the experimental evidence fur- 
nished by Levene and Jacobs,? and by Levene and La Forge.‘ 
The facts on which the theory was based were: first, the isolation 
of four nucleosides; second, the isolation of simple pyrimidine 
nucleotides. These were obtained on partial hydrolysis of yeast 
nucleic acid. The third fact, important for the development of 
the theory, was the elucidation of the order of linkage of the 
components of one simple mononucleotide.‘ 

The experimental data obtained until that phase of work 
permitted no rational formulation of the mode of linkage be- 
tween individual mononucleotides. Our original graphic repre- 
sentation of the entire molecule of veast nucleic acid had only an 
arbitrary schematic sense. In a publication on thymus nucleic 
acid, Levene and Jacobs made that point clear. Owing to pres- 
sure of other work, our own investigations into the problem of 
the linkage of the mononucleotides was making slow progress, 
when Thannhauser with his collaborators,? and Jones with his 
collaborators® entered the field of nuclei¢e acid study. 

i Levene, P. A., Biochem. Z., 1909, xvii, 121. 

> Levene, P. A., and Jacobs, W. A., Ber. chem. Ges., 1909, xlit, 2475, 2708; 
1910, xliii, 3151; 1911, xliv, 1027. 

* Levene, P. A., and La Forge, F. B., Ber. chem. Ges., 1912, xlv, 608, 
S164. 

* Levene, P. A., and Jacobs, W. A., Ber. chem. Ges., 1908, xli, 2704; 
1909, xlii, 335, 1198. 

> Thannhauser, S. J., Z. physiol. Chem., 1914, xei, 329. Thannhauser, 
J., and Dorfmiller, G., chid., 1917, 121. 

* Jones, W., and Richards, A. E., J. Biol. Chem., 1914, xvii, 71. Jones, 
W., and Germann, H. C., (hid., 1916, xxv, 98. Jones, W., and Read, B. E., 
thid., 1917, xxix, 128; 39. 
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By means of either enzyme action or by methods of chemical 
hydrolysis, they obtained intermediate substances which were 
regarded by them as di- and trinucleotides. 

The methods of hydrolysis employed by them in some instances 
were identical with those employed by us in other instances, 
slightly modified. The method of separating simple nucleotides 
as their brucine salts was also introduced by us. 

Thannhauser first announced the isolation of a trinucleotide 
from the products of digestion of nuclere acid by enzymes. Later, 
Thannhauser and Dorfmiller hydrolyzed nucleic acid by means 
of 25 per cent ammonia and supposedly cleaved the molecule 
into uridinphosphoric acid and a trinucleotide containing the 
remaining three nucleotides. On acid hydrolysis with 2 per cent 
sulfuric acid these authors obtained only uridinphosphoric acid. 
This publication appeared in Germany in 1917 and did not reach 
us until 1919.) In 1914, Jones and Richards described experi- 
ments by which they thought they had cleaved nucleic acid into 
two dinucleotides; guanin-cytosine, and adenin-uridin§ dinu- 
cleotides. Subsequently, Jones and his coworkers described the 
same two dinucleotides which they obtained on hydrolysis of 
veast nucleic acid by heating the acid in an autoclave in a 2.5 
per cent ammoniacal solution for 15 hours at a temperature of 

115°C. On the other hand, on hydrolysis by means of dilute 
acids, Jones and Read described a cytidin-uracil dinucleotide. 
On the basis of their respective findings, Jones and Thann- 
hauser presented theories of the mode of linkage between the 


nucleotides. 
According to Jones the structure of yeast nucleic acid is as 
follows: | 
OH. 
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Thannhauser, on the other hand, presents the linkage of the 


nucleotides in the following way 


OH 
O=P—O—C—C-—C-—C —C— C;H«N;O 
OH OH OH 
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Ol | H 
OU OH OH 
H CK 
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7In Thannhauser’s representation there is an oversight in regard to the 


cytidin linking. 
It is given It should be 
R — N — CNH; aN — CH 
| | | 
CO CH CO CH 
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These theories are based on the following considerations: 

That of Jones on the assumption of the reality of the dinucleo- 
tides, and on the observations that the so called dinucleotides 
are tetra-basic. The theory of Thannhauser is based on the 
assumption of the belief in the reality of the trinucleotide, and 
second, on the fact that the so called trinucleotide is hexo-basie. 

In previous communications we have criticized the conclusions 
of these writers, on the assumption that their observations were 
eorrect.> In oa later communication,” we have shown that the 
evtidin-uridin dinucleotide was a mixture of uridin and eyti- 
din mononucleotides. Uridinphosphoric acid was obtained as 
a crystalline barium salt. [It may be mentioned here that optical 
rotation of the ervstalline salt air-dry was [a], = 3.5, or dry and 
barium-free fa], = 5.83, whereas Thannhauser and Dorfmiiller 
found for their uridinphosphorie acid + 14.4. 

On the other hand the barium salt of the eytidinphosphorie 
acid had the optieal rotation of tan = + 14.0 or barium-free 
and dry [a], = + 23.3 which agrees with the recent finding of 
Thannhauser for the eryvstalline evtidinphosphoric acid, which 
was fa], = 23. Thus it is possible that the substance described 
by Thannhauser as uridinphosphoric acid was of a lesser degree 
of purity than that of the evtidinphosphorie acid. 

Ina still later publication! we reported on the finding that the 
so called eytidin-uridin dinucleotide was fractionated by us into 
uridinphosphorie and adenosinphosphoric acids. The former 
was identified as the erystalline barium salt, the latter as the 
brucine salt, which at the time of that publication was con- 
verted into the barium salt. Since from a large quantity of 
brucine salt there was obtained only a small quantity of a barium 
salt analyzing satisfactorily for the salt of the adenosin nucleo- 
tide, the publication of the analytical data on that nucleotide 
was delayed. It was subsequently found that adenosinphos- 
phorice acid is identified most conveniently as the free acid. Crys- 
talline adenosinphosphoric acid was deseribed by Jones and 
Kennedy ;!! the substance obtained by us differed from that of 


’ Levene, P. A., J. Biol. Chem., 1917, xxxi, 591. 

* Levene, P. A., Prec. Soc. Exp. Biol. and Med., VN7, xv, 21. 

Levene, P. A., J. Biol. Chem., V9OIS, xxxitt, 425. 

' Jones, W., and Kennedy, R. P., J. Pharmacol. and Exp. Therap., 1919, 


xiii, 45. 
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Jones only in the fact that our material dried in air contained no 
erystal water, whereas the substance of Jones contained one 
crystal water. The optical rotation of our substance is fa}, = 
—38.5. Whereas the rotation of adenosinphosphoric acid re- 
mains constant either in water or in 5 per cent ammonia water, 
the rotation of guanosinphosphoric acid shows a marked increase 
in its levorotation in ammonia water. This point may serve for 
differentiation between the two nucleotides. Thus it is proven 
that the adenin-uridin dinucleotide is a mixture of two mono- 
nucleotides. 

The fraction which was originally regarded by Jones as a 
guanin-cvtosine dinucleotide, and from which Read isolated an 
amorphous guanylic acid, was also found by us to consist princi- 
pally of guanosinphosphoric acid. In addition a small pro- 
portion of uridinphosphoric acid was found in this fraction. 
The presence of the latter nucleotide might have escaped isolation 
if not for its recently described property of forming a crystalline 
lead salt. 

The guanyvlic acid was isolated ina crystalline form, and consti- 
tuted the greater part of the fraction. 

The method of hydrolysis emploved by us consisted in heating 
the nucleic acid in a 2.5 per cent aqueous ammonia solution for 1 
hour at LOO°C. Thus the treatment was milder than the one 
employed by either Jones or Thannhauser. Thus the present 
findings nullify the experimental evidence in support of the 
theories of Jones and of Thannhauser. From the theoretical 
point of view, the theory of Thannhauser is not very tenable for 
the reason that a carbon to carbon-linking implies a very strong 
union, whereas the polynucleotide is readily dismembered into 
mononucleotides. Thannhauser, in fact, accepts it himself with 
great reserve. As regards the ether-linking accepted by Jones, 
it must be remarked that, as a rule, an ether-linking repre- 
sents a very firm union. If one accepts that this rule does not 
apply to carbohydrates linked in ether form, he should present 
experimental evidence in support of this view. 

However, if the work of Jones and of Thannhauser failed to 
support their speculations regarding the mode of linkage of the 
mononucleotides, it has been of great importance in furnishing 
further proof of the nucleotide structure of veast nucleic acid; 
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and also, in making it possible to show that the molecule of 
nucleic acid is readily decomposed into mononucleotides, and 
that the linkage between all nucleotides is of the same order. 

On the basis of considerations such as these the linkage of the 
nucleotides could be expressed most simply in the following way: 

OH, 

| | 


() 
O= P—O—C3H;O2 + 
() 
O=P—O—C3H;O2 CyHsN202 
| 
() 
O=P—O—C3H;O2 - CsHyNs 


OH 


OU 


For the present this form expresses the facts known about the 
structure of veast nucleic acid. New facts and new evidence 
may cause its alteration, but there is no doubt as to the poly- 
nucleotide structure of the yeast nucleic aeid. 

It as unfortunate that, owing to war conditions, the work of 
Thannhauser was not known to us earlier, also that apparently 
our work was not known to Thannhauser. 


EXPERIMENTAL, 


The mode of hydrolysis was practically the same as that de- 
scribed in a previous communication,'’® with a difference in one 
detail; namely, the temperature of the autoclave was maintained 
at 100°C. 

Treatment of the producti of hydrolysis was also the same as 
described in that communication, and essentially the same as 
employed by Jones and his collaborators. The fraction precipi- 
tated by 98 per cent alcohol will be referred to as guanin fraction, 
and that remaining in solution as adenin fraction. 
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Adenin fraction was treated in exactly the same manner as 
that deseribed in the previous communication. The brucine salt 
was recrystallized nine times with boiling 35 per cent alcohol. 

The erystalline deposit consisted of uridinphosphoric acid pre- 
viously deseribed. The first three mother liquors, on concen- 
tration, gave a brucine salt containing C = 53.00, H = 6.40, and 
N = 10 per cent. The subsequent six mother liquors, on con- 
centration, gave a brucine salt containing N = 8.5 per cent. 

The brucine salt of the first three mother liquors was trans- 
ferred into the ammonium salt. Originally the ammonium salts 
were converted into the barium salt. Barium salts, having ana- 
lvtical value sufficiently approaching that required by the theory, 
were obtained only after many purifications which were asso- 
ciated with much loss. Finally, an attempt was made to trans- 
form the ammonium salt into the free nucleotide. This was 
accomplished without difficulty in the following manner. To the 
hot solution of the ammonium salt, while the mixture was 
agitated, a hot solution of neutral lead acetate was added in a 
slow stream. When the necessary volume of lead acetate (25 
per cent solution) was added, the mixture was brought to a boil 
and filtered. The precipitate was washed in a mortar and filtered; 
the operation was repeated three times. Finally the precipitate 
was suspended in water, treated with hydrogen sulfide, and the 
filtrate from lead sulfide was concentrated under diminished 
pressure at room temperature. On _ standing, adenosinphos- 
phoric acid crystallized in long needles resembling the free nucleo- 
side. The substance differed from that described by Jones in 
that it erystallized without crystal water. The analysis of the 
air-dry substance was as follows: 


0.1010 gm. of the substance gave 0.1268 gm. of CO, and 0.0368 gm. of 

0.1000 gm. of the substance employed for Kjeldahl] nitrogen estimation 
required for neutralization 14.26 cc. of 0.1 N acid. 

0.3000 gm. of the substance gave 0.0940 gm. of Mg,P20O;. 


Calculated 
for CioHiaNePO>. Found. 
per cent per cent 
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The optical rotation of the substance in aqueous solution was 


we O27 xX 100 


In a solution of 5 per cent ammonia water the rotation was 


— = — 40.0 

Hydrolysis of the Adenosinphosphoric Acid.--2 gm. of the sub- 
stance in of per cent sulfuric acid were boiled over flame 
with reflux condenser for 1 hour. The product of hydrolysis 
Was neutralized with sodium hydroxide and to the neutral solu- 
tion aqueous pieric acid was added as long as a precipitate 
formed. The precipitate was dissolved in hot water and allowed 
to crystallize. 

The analysis of the air-dry substance was as follows: 


0.1000 gm. of the substanee gave 26.2 ce. of nitrogen gas at T° = 26°C. and 
P = 752 mm. 
Calculated 
for + HeO. Found. 


per cent per cent 


The substance decomposed at 177°C. (uncorrected). 

Brucine Salt of Adenosinphosphoric Acid.—2 gm. of the nucleo- 
tide were dissolved in hot water and the solution was neu- 
tralized with a solution of brucine in methyl alcohol. On 
cooling, the solution nearly solidified. The erystals of the brucine 
salt of the nucleotide were filtered off with suction, and the 
substance was recrystallized three times out of 35 per cent 
alcohol. 

The air-dry substance on heating in a sealed capillary tube 
melted as follows: At 177°C. it began slightly to contract; at 
195°, the substance effervesced, remaining perfectly colorless; at 
225° a second point of effervescence was observed, the substance 
turning dark. The substance analyzed as follows: 


0.1020 gm. of the substance gave 0.1978 gm. of CO, and 0.0572 gm. of 
HO. 

0.2000 gm. of the substance gave 17.6 cc. of nitrogen gas at T° = 24°C., 
P = 769 mm. 

0.3000 gm. of the substance gave 0.0244 gm. of Mg.P.0;. 
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Calculated 

for (Ca He Found. 
per cent per cent 

The rotation of the substance was 

— 0.74 100 

= —370 


The quanin fraction consisted principally of guanosinphos- 
phorie acid (guanylie acid). It was treated in a general way in 
the manner indicated by Read. The lead salts were converted 
into the brucine salts, and these were fractionated in the same man- 
ner as the salts of the adenin fraction. However, the substance 
obtained from all the nine mother liquors contained over 10 per 
cent of nitrogen and only the fraction constituting the ultimate 
ervstalline deposit contained on analysis about 8.75 per cent of 
nitrogen. Surprisingly also this fraction consisted in the main of 
guanyvlic acid. The brucine salts were converted into the am- 
montium salts. These were dissolved in boiling water and to the 
hot solution a hot solution of lead acetate was added in a slow 
stream. The mixture was then brought to a boil and_ filtered 
hot. The lead precipitate was freed from lead and concentrated 
under diminished pressure at room temperature. Generally an 
amorphous, somewhat gelatinous precipitate settles out. In some 
instances the solution turns into a semiliquid jelly. To bring 
about final crystallization, no general rule can be given. At 
times repeated precipitation with lead acetate will lead to a 
filtrate which, on concentration, solidifies into a erystalline mass. 
Often it is advisable to precipitate the nucleotide by means of 
lead acetate fractionally. The later fractions as a rule crystallize 
with less difficulty. 

The properties and analysis of the erystalline guanylie acid 
were described in a previous communication.” 

When the brucine salts with 8.75 per cent of nitrogen were 
converted into ammonium salts, and when these were taken up 


Levene, P. A., J. Biol. Chem., 1919, xl, 17i. 
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in hot water, part of the substance remained insoluble. This 
residue consisted of brucine salt which escaped, being converted 
into ammonium salt. The brucine salt on analysis showed a 
nitrogen content of N = 7.8 per cent. This brucine salt) was 
then converted into the ammonium salt. The latter was dis- 
solved in boiling water, and a hot solution of neutral lead acetate 
was added. The mixture was brought to a boil and filtered hot. 
The filtrate was seeded with a few erystals of the lead salt of 
uridinphosphoric acid, and allowed to stand near a hot water 
bath. It was found that when the cooling of the filtrate pro- 
ceeded rapidly a gelatinous lead salt settled out. If, however, 
the cooling was progressing slowly the lead salt of uridinphos- 
phorie acid settled out in crystalline form. For analysis the 
substance was dried to constant weight under diminished pressure 
at the temperature of xylene vapor. It analyzed as follows: 


O.111IS gm. of the substance gave 0.0856 gm. of CO, and 0.0218 gm, of 


HO. 
O.IS4S gm. of the substance emploved for Kjeldahl nitrogen estimation 


required for neutralization 7.7 ec. of O.1 N aeid. 
0.2772 gin. of the substance gave 0.0574 gm. of Mg. 


‘Calculated 
for CoHuNePOsPb Found. 
per cent per cent 
10 2.18 
N 5.29 
S6 5.78 
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THE ACTIVITY OF LUNG EXTRACT, AS COMPARED TO 
EXTRACTS OF OTHER TISSUES, IN INDUCING 
COAGULATION OF THE BLOOD. 


By C. A. MILLS. 


(From the Department of Biochemistry, University of Cincinnati, Cincinnaty, 
(Received for publication, Oetober 14, L919.) 


Wherry and Ervin (1), in experimenting with the intravenous 
injection of extracts of tuberculous lung tissue, found that very 
small doses of an extract of normal as well as tuberculous lung 
tissue would produce death in a few seconds in rabbits and 
guinea pigs. It was at their request that I undertook to discover 
the cause of the sudden death in these cases. 

The extracts were made by grinding the fresh lung tissue well 
with sand in a mortar, adding gradually while stirring 10 ce. 
of 0.9 per cent NaCl for each gm. of tissue taken. The mixture 
was then centrifuged for 20 to 30 minutes at about 3,000 revo- 
lutions per minute and the slightly cloudy, reddish solution used 
for the injections. It was found by trial that 0.5 ce. of this 
solution injected rapidly into the ear vein of a rabbit weighing 
1,000 to 1,500 gm. caused respiratory symptoms of irregular 
breathing and uneasiness in 20 to 30 seconds, weakness and 
prostration shortly afterwards, and death with convulsions and 
respiratory spasms usually within | minute after the injection. 
If a larger dose, such as 0.5 ce., was injected rapidly into a rabbit 
of this size respiratory symptoms began in 20 seconds and death, 
accompanied by violent convulsions and spasins, followed within 
10 seconds. For rabbits of 1,800 to 2,500 gm. the dose necessary 
to produce death was 0.4 ec. so that the reaction is in a measure 
quantitative. 

On examination of the rabbits immediately after cessation of 
the spasms, the heart was usually found beating rhymically, 
although there were sometimes arrhythmias and fibrillation. All 
organs appeared normal, the lungs alwavs being found collapsed 
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after opening the thorax. On opening the heart or vessels, larger: 
or smaller clots were always found and sometimes the whole blood 
was found to be coagulated, especially if more than the minimum 
fatal dose was given. In cases where the whole blood was not 
clotted, the escaping fluid portion clotted more slowly than nor- 
mal, the length of time before the occurrence of spontaneous clot- 
ting varving from a few minutes to a day. 

These observations lead to the conclusion that in these cases 
death was due in a large measure at least to intravascular clotting, 
the symptoms probably resulting from the complete asphyxia of 
the nervous system. Although the death resembled that of 
anaphylaxis, vet in contradistinction to the latter the lungs were 
always found to collapse on opening the thorax, whereas in 
deaths from anaphylaxis the lungs do not collapse. 

I therefore undertook the study of the particular power of 
lung tissue In causing thrombosis, as I was unable to find any 
reference to the peculiar toxicity of lung extracts in this respect. 
This study has resulted in showing the very remarkable throm- 
boplastie power of the lungs, a power far surpassing that of any 
other tissue of the body. 

Intravascular coagulation from the intravenous injection of 
tissue extracts has been known to be possible for many years. 
Quoting from Carpenter (2), 


The contact of dead animal matter with the blood appears to promote 
the coagulation of its fibrin in a very remarkable degree; occasioning 
eoagula to form, whilst it is vet actively moving in the vessels of the living 
body. ‘Thus M. Dupuy found that the injection of cerebral substance into 
the veins of an animal occasioned its death almost as instantaneously as 
if prussie acid had been administered; the cireulation being rapidly brought 
to a stand, by the formation of voluminous clots in the heart and large 
vessels. These experiments were repeated and confirmed by M. de Blain- 
ville. (Gazette Medicale, 1834, p. 521.) The same effect is produced 
with still more potency, when the substance injected is rather undergoing 
degradation, than actually dead; for it then seems to act somewhat after 
the manner of a ferment, producing a marked diminution in the vitality 
of the solids and fluids with which it may be brought in contact. Such 
Is pre-eminently the case with pus, as was long ago observed by Hunter 
and as Mr. H. Lee has since determined more precisely. It was found by 
the latter, that healthy blood received into a cup containing some offensive 
pus coagulated in fico minutes; whilst another sample of the same blood, 
received into a elean vessel of similar size and shape, required fifleen 
minutes for its complete coagulation.”’ 
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Wooldridge (3), working from ISS1 to ISS9, was the first, how- 
ever, to attempt to isolate the active thromboplastic material 
from the tissue extracts and to make a thorough study of the 
action of such extracts. He used extracts prepared from testes, 
thymus, and Ivmph glands, extracting the fresh tissues with 
water and precipitating the active material from the solution by 
making it strongly acid with acetic acid. The precipitate was 
then washed in water and dissolved in very dilute carbonate 
solution. Such solutions he found to produce thrombosis through- 
out the whole vascular system of rabbits after rapid intravenous 
injections, but in dogs, clots were usually found only in the portal 
svstem. In any case, if the animal survived the thrombosis, a 
second injection within 24 hours was without effect, and blood 
drawn after such injection had a greatly diminished coagula- 
bility, spontaneous coagulation often being delayed as long as 24 
hours. The remarkable fact was discovered that the addition 
of more of the tissue extract to this blood outside the body pro- 
duced coagulation in a few minutes. He observed that the 
degree of non-coagulability of the blood was in a measure pro- 
portional to the extent of the thrombosis. 

In studving the extracts to determine the active substance, 
he decided that a protein-phospholipin compound was responsible 
for the results. This compound could be extracted from the 
acetic acid precipitate with dilute alkali. He states that the 
solution was not a true solution since the dissolved substance 
would not pass through a clay cell. If he extracted this pre- 
cipitate with alcohol and ether the activity of the undissolved 
residue was lost, so that the phospholipin must be a necessary 
part of the compound. Also on digestion of the solution with 
pepsin and hydrochloric acid, the phospholipin, with a small 
amount of the protein, was precipitated, and the remaining solu- 
tion had lost its activity. The precipitate was active. Exami- 
nation of the phospholipin convinced him it was a lecithin-like 
substance, although purified lecithin from egge yolk was not 
active. Leeithin prepared from other tissues gave him the same 
results as the tissue extracts. Wooldridge was not familiar with 
cephalin at that time, so that he did not identify the active phos- 
pholipins as cephalin which was present as an impurity in his 
tissue lecithin, although he did show that not all lecithin prepa- 
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rations were active. More recent work in Howell’s laboratory 
(4) indicated that the phospholipin inducing coagulation dis- 
covered by Wooldridge is cephalin, but the strange fact appeared 
from my experiments that although the nervous tissue is the 
tissue believed to be the richest in cephalin, vet extracts of the 
brain made in the same way as these lung extracts did not cause 
intravascular coagulation and death in rabbits in doses up to 3 
ec. for an 1,800 @m. rabbit. It was therefore deemed advisable 
to compare as quantitatively as possible the thromboplastic 
activity of lung tissue extracts with that of extraets of other 
tissues of the body. 

Fresh tissues of dogs killed in ether anesthesia and rabbits 
were used in making extracts similar to the lung extract 
deseribed above, that is, for every gm. of the fresh tissue, after 
grinding thoroughly with sand, 10 cc. of 0.9 per cent NaCl 
solution were added, mixed well, and centrifuged to remove all 
solid particles. Extracts thus made were found to undergo a 
gradual loss of their power to induce coagulation when injected 
into the circulation or of hastening coagulation when added to 
blood outside the body. When standing at 5°C. very little change 
occurred in the first few days, but activity had almost disap- 
peared at the end of 3 weeks. This loss of activity was not due 
to a settling out of the active matter formerly in suspension, 
since on shaking and injecting, or adding precipitate and solution 
mixed, the diminution of activity persisted. It might be, how- 
ever, that a gradual agglomeration of particles had occurred 
leading to a smaller number of larger aggregates with a resulting 
diminution of surface and hence of activity. This rather than 
a chemical change might explain the progressive loss of power. 
This possibility will be further investigated. 

The activity of the tissue extracts prepared as described were 
tested in two ways, (1) by injections into the blood stream of 
dogs and rabbits, and (2) by testing their power of hastening 
coagulation when added to peptone and oxalate plasma outside 
the body. In the latter case the test-tube method for determin- 
ing the coagulation time was used, coagulation being considered 
complete when the tube could be inverted without spilling the 
contents. If care was taken in shaking the tubes and in keeping 
all other factors constant, this method was considered sufficiently 
accurate for this work. 
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Peptone plasma and oxalated plasma of dog’s blood were used 
in most of the tests, although two sets of rabbit tissue extracts 
were tested on rabbit blood rendered partially non-coagulable by 
a process which will be described in another paper. 

In order to compare the activity of the extracts of the different 
tissues, one method was to find the amount of the various ex- 
tracts necessary to induce coagulation of 1 ce. of peptone plasma 
in the same time as a definite amount of lung extract. Another 
method used was to add the same amount of the different 
extracts to oxalate plasma and compare the amount of accelera- 
tion of coagulation of the plasma by serum. All tests were 
carried out in a water bath at 38—40°C. 

Tables I and II indicate the results of the tests carried out 
with the extracts of the tissues of two different dogs. 

The pancreas, skeletal muscle, thyroid, and omentum con- 
tained so little of the thromboplastic material that they would 
not accelerate the coagulation to 30 seconds in any amount, so 
the figures for them are approximations derived from the degree 
of lessening of coagulation time by increasing amounts of the 
extracts. 


TABLE I. 
Time of coagulation of 1 ec. of 
oxalate dog plasma, by 3 drops of extract 
Tissue extract used (dog). and 6 drops of serum.* 
Tissues of Dog I. | Tissues of Dog II. 
min, min. 
Bone marrow..... 7 7 


* 1 ce. of oxalate plasma and 6 drops of serum (with no extract) showed 
no coagulation in 1} hours, but were coagulated in 24 hours. 3 
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TABLE II. 


Amount of extract necessary to 
coagulate 1 cc. of peptone dog plasma 
Tissue extract used (dog). in 30 seconds. 
Tissues of Dog 1. Tissues of Dog II. 


gtt. gtt. 


| The activity of extracts of the tissues of two rabbits on 
partially non-coagulable rabbit blood is shown in Table IIT. 


TABLE III. 


Fy Amount of extract necessary to clot 1 
F ec. of rabbit blood. 


90 seconds. 70 seconds. 


ay Tissues of Rabbit I.!Tiasues of Rabbit II. 
gtt. | gtt. 


Lung... 
Kidney... 
Heart 


Phymus 


Testes. | 
Uterus. 
Bone marrow | 20 + 


Adrenal... 26 ++ | 20 + 
QQmentum. 
skeletal musele 
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Here again some of the tissues were so poor in the active sub- 
stance that they would not clot the blood in the specified time 
in any amount, so that the figures given are only approximations. 

Tn every case studied the lung extract was found to be mueh 
stronger than that from any other tissue, being trom two to thirty 
times as strong as the other tissues in accelerating coagulation. 
Kidney, heart, brain, spleen, thymus, and skin come next in 
netivity, somewhat in the order named. Then, certain other 
tissues, pancreas, skeletal muscle, liver, bone marrow, omentum, 
and adrenal, showed only slight thromboplastic activity as 
compared to the lung tissue. 

Having thus established the predominant thromboplastic power 
of the lung extracts | next attempted to discover whether the 
toxicity from intravenous injections of these extracts paralleled 
their thromboplastie activity. To this end injections were made 
into rats and rabbits. In using rats the injections were made 
directly into the heart, but with rabbits injections were into an 
ear vein. Adult white rats, weighing about 350 @m., were usec. 
They were found to be much less affected by partial coagulation 
of the blood in the vessels than rabbits, quick death being pro- 
duced only by almost solid intravascular coagulation following 
injections of relatively large doses of the extracts. Most of the 
extracts of rabbits and rat tissues would not produce coagu- 
lation in rats in doses up to 8 cc. when made up in the usual way. 
so double strengths of these extracts were used, that is, only 
half the usual amount of saline solution was used for each gm. 
of tresh tissue. These extracts were labeled («2). Table LV 
indicates the dosages of the various extracts necessary to produce 
rather extensive coagulation in the vessels of the rats. 

In intravenous injections into rabbits only two of the tissue 
extracts proved fatal, death occurring in rabbits after only slight 
thrombosis. Lung extract was fatal in doses of 0.3 to 0.4 e¢. and 
kidney extract (2) was fatal in a dose of 2.0 ce. producing 
only a slight amount of thrombosis, and with death oecurring 
after a delay of 25 minutes. None of the other tissue extracts 
was fatal in doses up to 3.0 c¢. Wooldridge reports solid throm- 
bosis of the whole svstem in rabbits with injections of thymus, 
testes, and Ivwmph gland extracts, but he used many times the 
amount of material for injections that was used in these cases. 
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Thus he used 3 to 1 gm. of the washed acetic acid precipitate 
from the extracts to obtain such solid intravascular coagulations. 
From these intravenous injections into rats and rabbits as 
deseribed above, it is evident that the extracts are toxic in much 
the same order as they exhibit thromboplastic activity in extra- 
vascular coagulation, lung extract being much the most active of 
all tissue extracts in each case. 
Most hemostatic preparations on the market today are pre- 
pared from brain material, but from the results of the above 
experiments it would seem that lung tissue would afford a much 
stronger hemostatic. Battell (5) describes a method for pre- 
paring such material from fresh horse or sheep lungs. 
TABLE IV. 


Coagulative dosage 
for rats. 


extract used. 


OC. 

“brain | 3.0 

2.0 


The significance of such a strong thromboplastic activity in 
lung tissue, and not so very much less in kidney tissue, is an 
interesting question. Is it a protective mechanism against possi- 
ble hemorrhages in these organs in which the rich capillary net- 
work 1s covered only by a one celled laver of epithelium? This 
high activity of the lung tissue may perhaps have an especial 
function in certain diseases, such as pneumonia, where there 
occurs such an extensive destruction of lung tissue. With the 
extremely rich blood supply in all parts of the lungs one would 
expect severe hemorrhages in these cases, but the hemorrhages 
are, in fact, not one of the main characteristics of this disease. 
May it not be the liberation of this active material by the tissue 
destruction which protects against extensive hemorrhages? The 
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one extract of the skin tested was also found to possess con- 
siderable thromboplastic again denoting possible 
protective mechanism. 

The investigation of the nature of the active principle in lung 
extract is being carried further and will form the subject of 


another paper. 


SUMMARY. 


1. Sudden death from the intravenous injection of lung tissue 
extract is apparently due to intravascular coagulation, although 
there is a possibility of anaphylactic effect on the lungs, not 
sufficient, however, to keep them from collapsing on opening the 
thorax. 

2. Tissue extracts were tested as to their thromboplastic 
activity on the blood both intra- and extravascularly. Lung 
extracts were found far more active than the extracts of any 
other tissue, kidney coming second, and then heart, brain, spleen, 
thymus, testes, skin, somewhat in the order named. The 
remaining tissues were weakly active as compared to lung, some 
of them showing very slight thromboplastic action. 

3. Lung tissue offers a possible source for the preparation of a 
strong hemostatic. 

The strong coagulative activity of lung and kidney tissues, 
and to a lesser degree of skin, is suggestive of a possible protective 
mechanism against hemorrhage. 
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THE HYDROLYSIS OF STIZOLOBIN, THE GLOBULIN 
OF THE CHINESE VELVET BEAN, STIZOLOBIUM 
NIVEUM. 


By D. BREESE JONES ann CARL 


(From the Protein Inve stigation Laboratory, Bureau of Chem istry, 


ment of Agriculture, Washington. 
(Received for publication, Oetober 28, 


The preparation of the globulin used for this hydrolysis ts 
deseribed in a previous publication from this laboratory (1). 

The hvdrolvsis and the determination of the resulting amuino- 
acids were carried out, for the greater part, in the usual manner, 
with a few exceptions which will be noted later. 

A shight modification of the customary method of drving the 
ether solutions of the esters with anhydrous sodium sulfate was 
made. «lt seems very probable that during the extraction of 
the esters with ether, after their liberation with sodium ethylate, 
or with sodium hydroxide, as is sometimes necessary after the 
second esterification, some of the alkali passes into the ether, 
and later decomposes to some extent the easily hydrolyzed esters. 
Accordingly, finely powdered ammonium chloride was mixed 
with the sodium sulfate used for drving the ether solution of 
the esters. Any caustic alkali present would thus be removed 
by the action of ammonium chloride, with the formation of 
sodium chloride and ammonia, and in this way the hydrolysis 
of the esters reduced to a minimum. 

The method of Levene and Van Slyke (2) for the separation ot 
alanine from valine by means of phosphotungstie acid was used 
with good results. 

The percentages of basic amino-acids in stizolobin, as deter- 
mined by the Van Slyke method, have already been published (1). 

The percentages of the various amino-acids obtained by the 
hvdrolvsis of stizolobin are summarized in Table lL. For the sake 
of comparison, the percentages of amino-acids found in pliaseolin, 
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the globulin of the white navy bean, Phaseolus vulgaris, are also 
given. 

As is seen, the summation of the hydrolysis of stizolobin, 
although comparatively high, falls far short of accounting for the 
theoretical amount of hydrolysis products which should result. 
Some time ago we became convinced that with the methods now 
in use one cannot hope to account quantitatively for nearly all 


TABLE I. 


Percentage of Amino-Acids in Stizolobin and Phaseolin. 


Stizolobin. Phaseolin.* 


per cent per cent 


3.10 | 3.3 
Aspartic acid .......... | 9.23 | 5.3 


* Osborne, T. B., and Clapp, S. H., Am. J. Physiol., 1907, xviii, 295. 

* By the colorimetric method of Folin and Denis. 
the products which proteins vield on hydrolysis, but that meth- 
ods must be developed whereby the products of hydrolysis can 
be separated more directly than by esterifving the amino-acids 
and distilling the esters as originally worked out by Fischer. As 
is well known, it is rarely if ever a 100 per cent esterification of a 
pure organic acid can be accomplished, and when one considers 
the complex mixture which results from the hydrolysis of a pro- 
tein, consisting of eighteen or more amino-acids, humin, and other 
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secondary decomposition products, a high percentage esterifica- 
tion can hardly be expected. The hope of attaining anywhere 
near a theoretically complete summation is therefore ‘practically 
excluded from the beginning. We have been working for some 
time on the direct determination of the amino-acids in another — 
protein by methods which do not involve the process of esterifica- 
tion and distillation of esters. Phis work is still in progress. 

A method for the determination of proline without involving 
the esterification of the amino-acids is deseribed. The products 
of hydrolysis of the protein, after having first removed the bases 
and mineral acids, are obtained in a dry powdered form, from 
which the proline is extracted with boiling absolute alcohol. 
The non-amino nitrogen in the solution is determined and the 
per cent of proline calculated. Several determinations made 
in this way gave results closely agreeing with each other, and 
also with the percentage obtained from the esters. 

Since the work on this hydrolysis was completed an article 
published by Dakin (3) appeared in which he describes a method 
for the partial separation of the amino-acids in a hydrolysis mix- 
ture by extracting the aqueous solution of amino-acids with 
butyl aleohol, and in which is also described for the first time 
the isolation and properties of the new amino-acid, hydroxy- 
glutaminie acid. By means of this method, Dakin states that 
the products of hydrolysis of a protein may be readily separated 
almost completely into the following five groups: 

(1) Monoamino-acids, both aliphatic and aromatic, insoluble 
in aleohol but extracted by butyl alcohol. 

(2) Proline, soluble in alcohol and extracted by butyl alcohol. 

(3) Peptide anhydrides (diketopiperazines), extracted by butyl 
alcohol but separated from (2) by sparing solubility in alcohol or 
water. 

(4) Diearboxylic acids, not extracted by butyl alcohol. 

(5) Diamino-acids, not extracted by butyl alcohol but sep- 
arable from (4) by phosphotungstie acid and other means. 

In order to check up by this method the results we had already 
obtained for aspartic and glutaminie acids in stizolobin by the 
ester method, as well as to look for hyvdroxyglutaminie acid, 
some of the residues of amino-acids remaining from the direct 
determination of proline were examined by this method = for 
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aspartic, glutaminic, and hydroxvglutaminic acids. 2.81) per 
eent of hydroxyglutaminic acid was obtained in the form of the 
difficultly soluble silver salt. 

One of the most striking results of this examination is. the 
extraordinarily high percentage of aspartic acid obtained; namely, 
923 percent. As the amount obtained from the esters was only 
5.70 per cent, it is highly indicative that the percentages of 
aspartic acid obtained previous hvdrolvses of proteims do 
not nearly represent the actual amount present. 

The amount of glutaminie acid obtained by this method was 
somewhat lower than that obtained from the large hydrolysis. 
due to the faet that some of this amino-acid had been previously 
removed in the torm of pyrrolidonecarboxvilic acid, while making 
the proline determination. 

The method outlined by Dakin will doubtless prove of great 
value in the further development of methods for the direct sepa- 
ration and determination of the products of hydrolysis of proteins. 


EXPERIMENTAL. 


A quantity of stizolobin, equivalent to 405 gm. of the ash and 
moisture-free protein, was hydrolyzed in two separate portions of 
200 and 240 em. each, with 1,300 c¢. of hydrochloric acid (spe- 
cific gravity 1.1), by first heating on a steam bath until nearly all 
the protein had dissolved. The hydrolysis was then continued 
by boiling the solutions in an oil bath for 30 hours. The solu- 
tions were then concentrated to about one-half their origina! 
volumes, and after removal of most of the color by treatment 
with norite, were saturated, cold, with dry hydrochloric acid 
gas. Afterstanding for about a week at nearly O°, the glutaminic 
acid) hydrochloride was removed by filtration. There were 
finally obtained, after removal of ammonia with barium hydrox- 
ide in the usual way, 27.28 and 24.83 gem., respectively, of glu- 
taminie acid hydrochloride, equivalent to a total of 41.72 gm. of 
the free acid. This amount, together with the 17.28 gm. sub- 
sequently isolated from the esters, is equivalent to 14.59 per cent 
of the stizolobin. 

The glutaminic acid hydrochloride decomposed effer- 
vescence at 197°. The free acid. obtained by decomposing the 
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hvdrochloride with an equivalent amount of normal potassium 
hydroxide, decomposed at 202° and was analyzed with the follow- 
ing results: 

0.1491 am. of substance gave 0.2249 gm. ef carbon dioxide and 0.0872 


gym. of water. 
Calculated for 


Found. 


The filtrates and washings from the above direct determina- 
tion of glutaminie acid hydrochloride were united and concen- 
trated to a heavy svrup. This residue was freed from water by 
repeated evaporations with alcohol under reduced pressure and 
esterified in the usual way, with the exception that no zine chlo- 
ride was used. After liberating the esters with sodium ethylate 
the sodium chloride was removed by centrifugation and the 
alcohol distilled from the esters under reduced pressure. The 
alcohol was reserved for further examination. On stirring the 
svrupy residue of esters with ether nearly all dissolved, but on 
dilution with more ether a flocculent precipitate separated which 
soon settled and formed a sticky, viscous laver. The addition of 
ether was continued until only a slight turbidity was produced. 
The ether extracts were filtered and dried in the usual way over 
anhydrous sodium sulfate. 

The sodium chloride obtained from the alcoholic solution of the 
esters was dissolved in water and the solution saturated with 
hydrochloric acid gas. The salt which separated was removed by 
filtration. To the filtrate was added the above mentioned sticky 
residue which did not dissolve in the ether when extracting the 
esters. The solution was then subjected to a second esterifica- 
tion. The residue of ester hydrochlorides left after removing the 
aleohol by distillation was very viscous. It was therefore dis- 
solved in enough absolute alcohol to form a thin syrup. After 
cooling to O° the esters were liberated by the cautious addition 
of an aqueous 50 per cent solution of sodium hydroxide. The 
esters were extracted with ether and dried over anhydrous sodium 
sulfate to which was added a little powdered ammonium chloride. 

The ether was removed from the esters by distillation at atmos- 
pherie pressure. 332 gm. of esters were obtained, 12S gm. of 
which were obtained from the second esterification, 
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Alcohol Distilled from the Esters.—The alcohol which had been 
distilled from the esters was acidified with hydrochloric acid and 
the solution evaporated to dryness under reduced pressure. The 
residue of ester hydrochlorides was hydrolyzed by boiling with 
dilute hydrochloric acid, and the solution evaporated to dryness. 
4 f After expelling ammonia by boiling with barium hydroxide, and 
: §: subsequent removal of barium and hydrochloric acid, there were 
obtained 8.48 gm. of amino-acids. The amino-acids insoluble in 


a absolute aleohol weighed 6.66 gm. Both the proline and the 
4 other amino-acids were added to the corresponding portions of 
4 | Fraction I of the distilled esters. 
q } Ether Distilled from the Esters.—The ether distilled from the 
i esters was strongly acidified with a dry alcoholic solution of 
| hvdrochlorie acid, and allowed to stand at nearly 0° for several 
weeks. The white crystalline product which separated was 
a hoiled with barium hydroxide to remove ammonia. The barium 
a | and hydrochloric acid were then quantitatively removed, and 
Pe after concentrating the solution to a small volume 3.81 gm. of 
a glycine separated, which, for identification, was converted into 


its ethyl ester hydrochloride. The latter crystallized from alcohol 
in the characteristic long prisms or needles which melted sharply 
to a clear oil at 144°. 


O.198S7 gm. of substance required 14.15 ec. of O.1 N sulfurie acid. 


Caleulated for 


Cy Found. 
The glycine thus obtained, together with that subsequently 
4 isolated from the distilled esters, amounted to 6.72 gm. or 1.66 
e per cent of the protein. 
t The amino-acids present in the form of their esters in the orig- 
i inal ether filtrate from the glygine ester hydrochloride were 
; [ regenerated and weighed 9.24 gm., of which 6.88 gm. were 
a insoluble in absolute alcohol. The latter and the alcoholic extract 
4 | of proline were added to similar portions of Fraction I of the 
distilled esters. 
y The esters obtained after distilling off the ether were separated 


i ~ into the following fractions in the usual way by distillation under 
reduced pressure: 
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Tempera-  Tempera- | | 
Fraction. tureofthe tureofthe| Pressure. Weight. 
bath. vapors. | | 
Distillation residue................ | | 
Contents of the liquid air tube... . | | | 10 


The contents of the liquid air tube were made strongly acid 
with hydrochloric acid and hydrolyzed by boiling for several 
hours. After expelling the ammonia with barium hydroxide and 
subsequent removal of barium and hydrochloric acid there were 
obtained 2.87 gm. of amino-acids, of which 2.04 gm. were in- 
soluble in absolute alcohol. The latter were added to Fraction I. 

Fraction I.—The esters of this fraction, which also contained 
some alcohol, were hydrolyzed in the usual way by boiling with 
water. There were obtained 4.64 gm. of amino-acids, 3.73 gm. 
of which were insoluble in absolute alcohol. To the latter were 
added the aleohol-insoluble amino-acids obtained from the follow- 
ing sources: (1) The alcohol distilled from the esters, 6.66 gm. ; 
(2) the ether distilled from the esters, 6.88 gm.; (3) the contents 
of the liquid air tube, 2.04 gm.; (4) the precipitate which sepa- 
rated on standing from the united alcoholic extracts of proline, 
2.30 gm. From this mixture were isolated by means of the lead 
salts, 5.62 gm. of leucine and 2.64 gm. of valine. The leucine 
had the following composition: 


0.1825 gm. of substance gave 0.3678 gm. of carbon dioxide and 0.1671 


gm. of water, 
Calculated for 


Found. 


Analysis of the valine gave the following results: 


0.1495 gm. of substance gave 0.2828 gm. of earbon dioxide and 0.1319 


gm. of water. 
Caleulated for 
CsHyOoN. Found. 
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The filtrates from the above leucine and valine were united, the 
amino-acids esterified and the resulting product was examined for 
glycine. There were obtained 5.0 gm. of glycine ester hydro- 
chloride, equivalent to 2.69 gm. of glycine. The glycine ester 
hydrochloride crystallized from alcohol in the characteristic 
needles which melted sharply at 144°C. 

The filtrate from the glycine ester hydrochloride, after having 
quantitatively removed the hydrochloric acid, yielded 7.37 gm. 
of alanine which crystallized in needles and prisms. 

0.2028 gm. of substance gave 0.5004 em. of carbon dioxide and 0.1377 


gm. of water. 
Caleulated for 


Found. 


A small amount of glycine (0.22 gm.) was further separated (4) 
from the filtrate from the alanine, in the form of its picrate, 
which decomposed with effervescence at 195°C. 

Fraction IT. This fraction yielded 52 gm. of amino-acids of 
which 42.6 gm. were insoluble in absolute alcohol. By direct 
fractional crystallization 16.50 gm. of leucine and 3.29 gm. of 
valine were obtained. Analysis of the leucine showed it to have 
the following composition: 

0.1459 gm. of substance gave 0.2037 em. of carbon dioxide and 0.1313 


gi. of water. | 
Caleulated for 


Found 


The valine gave the following results on analvsis: 
g 


0.1666 gm. of substance gave of earbon dioxide and 0.1426 


gm. of water. 
Caleulated for 
Pound. 


A mixture of leucine and valine, after subjection to Levene and 
Van Slyke’s lead salt method of separation, vielded 14.44 gm. of 
leucine and 2.43 gm. of valine. 
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A fraction was further obtained consisting of a mixture of 
alanine and valine. The amino-acids of this mixture were sepa- 
rated by means of phosphotungstie acid according to Levene and 
Van Slyke’s method (2). 3.32 gm. of valine and 2.38 gm. of 
alanine were thus obtained. 

All the alcoholic extracts of proline were united and allowed to 
stand for several days. The precipitate which had separated, 
after having been filtered off and washed with absolute aleohol, 
weighed 2.30 gm., and was added to the amino-acids of Fraction 
I. The clear solution was then evaporated to dryness under 
reduced pressure. The residue was completely soluble in cold 
absolute alcohol. The solution was again evaporated to dryness 
and the residue dissolved in water and made up to a volume of 
500 ec. The total nitrogen in the solution was 2.6023 gm., and 
the amino nitrogen 0.7399 gm. The difference, or non-amino 
nitrogen, 1.8623 gm. corresponds to 15.30 gm. of proline, equiva- 
lent to 3.77 per cent of the proline. Special experiments for the 
direct. determination of proline are described. 

Fraction II11T.—Phenylalanine ester was separated from this 
fraction in the usual way by extraction with ether. After hydro- 
lyzing the ester with hydrochloric acid, and decomposing the 
hvdrochloride with ammonia, 4.16 gm. of phenylalanine were 
obtained. 


0.1531 gm. of substance gave 0.3660 em. of carbon dioxide and 0.0948 


gm. of water. 
Caleulated for 


ght, Found. 


The esters remaining after the removal of the phenylalanine 
were hydrolyzed with barium hydroxide, and yielded 2.92 gm. of 
aspartic acid as the barium salt, and 15.80 gm. in the form of the 
copper salt. The free aspartic acid gave the following results on 
analysis: 

* 0.1664 gm. of substance gave 0.2200 gm. of carbon dioxide and 0.0825 


gm. of water. | 
Calculated for 


Found. 
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The copper aspartate was analyzed with the following results: 


9.2503 gm. of substance (air-dried) gave 0.0717 gm. of copper oxide, 


Calculated for 
Found. 


There were also obtained 2.73 gm. of a substance which after 
several recrystallizations from water separated in the form of 
rather indefinite, microscopic, octagonal plates. Analysis showed 
these crystals to contain 35.20 per cent carbon, 7.00 per cent 
hydrogen, and 12.47 per cent nitrogen. The small amount of 
the substance in hand, and its high degree of solubility, prevented 
further examination of this material. Its solubility, crystalline 
form, sweetish taste, and composition, as above noted, leave 
little or no doubt that this substance was chiefly serine. 
Especially significant in supporting this conclusion is the high 
percentage of nitrogen found, as serine contains nearly 3 per cent 
more nitrogen than any of the other amino-acids usually found 
as products of protein hydrolysis, except proline. Serie theo- 
retically contains 34.29 per cent carbon, 6.67 per cent hydrogen, 
and 15.38 per cent nitrogen. 

Distillation Residue.—The residue remaining after the distilla- 
tion of the esters was dissolved in water and shaken with ether to 
separate the phenylalanine, of which 8.41 gm. were obtained. 

The aqueous layer was concentrated somewhat and sufficient 
coneentrated hydrochloric acid added to make the solution about 
25 per cent. “This solution was boiled for 12 hours in order to 
hydrolyze any pyrrolidonecarboxylic acid that might be present. 
It was then concentrated to a small volume, and saturated cold 
with hydrochloric acid gas. After standing for a long time at 
O°, 17.52 gm. of glutaminie acid hydrochloride were isolated. 
It decomposed with effervescence at 197°. The filtrates trom 
the glutemimic acid hydrochloride were united and the bases 
removed with phosphotungstic acid. From the resulting solu- 
tion, after removing the hydrochloric and phosphotungstic acids, 
there were further obtained 4.4 gm. of aspartic acid and 3.24 
gin. of glutaminic aeid. 

Tyrosine. Tyrosine was determined by the colorimetric 
method of Folin and Denis (5,6). 1 gm. of stizolobin was boiled 
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for 12 hours with 20 per cent hydrochloric acid. The tyrosine 
was found to be equivalent to 6.24 per cent of the protein. 

As the percentage of tyrosine obtained by this method is usu- 
ally 2 or 3 per cent higher than that obtained by direct isolation 
of the amino-acid, due to the extreme difficulty of separating all 
the tyrosine from the other products of hydrolysis, a direct 
determination of tyrosine was made for comparison. 50 gm. of 
the protein were accordingly hydrolyzed with hydrochloric acid, 
and as much as possible of the latter was removed by distillation 
under reduced pressure. The calculated amount of normal po- 
tassium hydroxide to react with the chlorine remaining in the 
residue was then added. ‘There were obtained from the resulting 
solution by careful fractional crystallization, 2.42 gm. of tyrosine, 
equivalent to 5.25 per cent of the protein. That not all the tyro- 
sine was removed even then was indicated by the fact that the 
mother liquors still gave a strong positive test with Millon’s 
reagent. 

The tyrosine which was isolated gave the following results on 
analysis: 


0.2036 gm. of substance required 11.2 ce. of 0.1 N HCI. 


Calculated for 
Found 


Proline.—Several determinations of proline were made directly 
without involving the ester method of Fischer. The following 
procedure gave consistent results, which closely agreed with the 
percentage obtained by the ester method: 10 gm. of the protein 
are hydrolyzed by boiling with 20 per cent hydrochloric acid for 
about 30 hours. The solution is then concentrated under 
reduced pressure to a thick syrup, and the residue dissolved in 
water. After filtering off the suspended humin, the solution is 
made up to 200 ce. containing 3.5 per cent hydrochloric acid, 
and phosphotungstie acid added until all precipitation has ceased. 
After standing for 48 hours the precipitate is filtered off and 
washed in the usual way. Phosphotungstic acid is then removed 
from the filtrate by means of ether and amyl alcohol, and the 
solution of amino-acids boiled with a slight excess of barium 
hydroxide in order to remove any ammonia or phosphotungstic 
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acid that might be present. After filtering, the excess of barium 
is removed quantitatively with sulfuric acid and the solution 
made slightly alkaline with sodium hydroxide, in order to neu- 
tralize the hydrochloric acid present. The solution is then re- 
acidified with acetic acid and evaporated to dryness, and the dry, 
finely powdered residue of amino-acids extracted by boiling with 
absolute alcohol for about 13 hours. The alcoholic extract is 
acidified with hydrochloric acid and the alcohol removed by 
distillation under reduced pressure. The residue is then boiled 
for 10 to 15 hours with 25 per cent hydrochloric acid to regenerate 
any glutaminic acid from pyrrolidonecarboxylic acid which may 
have been formed during the preceding operations. The solution 
is then freed from hydrochloric acid as completely as possible by 
distillation under reduced pressure, the residue dissolved in water 
and made slightly alkaline with sodium hydroxide, and then 
reacidified with acetic acid. The resulting solution is made up to 
100 ec. and amino nitrogen and total nitrogen are determined in 
10 ec. aliquot portions. From these data the amount of proline 
is calculated. Eight determinations of proline made in this way 
gave closely agreeing results the average of which was + per cent. 

The Di-Basic Amino-Acids.— As the residues of the amino- 
acids remaining from some of the direct proline determinations 
were on hand they were examined for the di-basic amino-acids 
according to the method of Dakin (3). Four of these residues, 
which represented 40 gm. of stizolobin, were united and used 
for the analysis. The proline, ammonia, bases, and most of the 
tvrosine had been previously removed. The amino-acids were 
dissolved in about 600 ce. of water and extracted with butyl 
alcohol, according to Dakin’s directions. The extraction was 
continued for about 38 hours, at the end of which time there 
were practically no more acids being carried over by the butyl 
alcohol. As the amount of material available for this extraction 
was too small for a complete analysis, the monoamuino-acids 
which had been carried over by the butyl aleohol were not further 
examined. The aqueous solution which had been extracted was 
examined for glutaminic acid in the usual way. 4.41 gm. of 
glutaminie acid, isolated as the hydrochloride, were obtained. 
This corresponds to 11.02 per cent of the proteim. This per- 
centage is somewhat lower than that which we obtained from 
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the main hydrolysis. This was to be expected, since some of the 
glutaminiec acid was lost during the extractions for proline by 
being converted into pyrrolidonecarboxylic acid. The proline 
extract was always boiled with 25 per cent hydrochlorie acid 
before determining amino nitrogen, and it was always found that 
some of the glutaminie acid had been converted into pyrrolidone- 
earboxvlic aeid. 

The amino-acids in the filtrate from the glutaminie acid hydro- 
chloride were converted into their calcium salts, according to 
Foreman’s method (7), and the aspartic acid was isolated as the 
copper salt. An unusually large amount of the copper salt sep- 
arated in the characteristic crystalline form. The air-dried salt 
weighed 7.69 gm., and without reerystallizing gave the following 
results on analysis: 


0.2082 gm. of substance gave 0.0602 gm. of copper oxide. 


C‘aleulated for 
Found. 


The above amount of copper aspartate is equivalent to 3.69 gm. 
of the free acid which is 9.23 per cent of the protein. This is 
3.93 per cent more than was obtained from the esters. 

(‘opper was removed from the filtrate from the copper aspar- 


tate, and the solution examined for hydroxyglutaminic acid by 
precipitating the acid in the form of its silver salt, according to 
Dakin’s method. There were obtained 2.63 gm. of the difficultly 
soluble silver salt, which is equivalent to 1.12 gm. of hydroxy- 
glutaminie acid, or 2.81 per cent of the protein. 


0.23758 gm. of substance gave 0.1803 gm. of silver chloride. 


Caleulated for 
(sHrOsNAgz. Found. 


SUMMARY. 


The globulin of the Chinese velvet bean has been hydrolyzed 
and the percentages of the resulting amino-acids determined 
(see Table I). 


A modification of the usual method of determining proline is 
deseribed. 
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Aspartic acid was determined both by the usual ester method. 
and by the method, recently published by Dakin, of extraction 
of the solution of amino-acids with butyl alcohol. The yield 
obtained by the former method was 5.70 per cent, while by the 
latter method the unusually high percentage of 9.23 per cent was 
obtained. By means of the extraction method 2.81 per cent of 
hvdroxyglutaminic acid was also obtained. 
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THE NUTRITIVE VALUE OF THE BANANA. II. 
By KANEMATSU SUGIURA axp STANLEY R. BENEDICT. 


(From the Huntington Fund for Cancer Research, Memorial Hospital, and 
the Harriman Research Laboratory, Roosevelt Hospital, New York.) 


(Received for publication, October 10, 1919.) 


Introduction and Object of the Investigation. 


It has been shown in a preceding article! that bananas alone 
as a food do not produce growth of young albino rats. The 
addition of 16 per cent of purified casein, whieh supplied the 
protein deficiency of the food, and 0.5 per cent of veast prepa- 
ration, or of aqueous or alcoholic extract of fresh carrots, which 
supplemented the shortage of water-soluble accessory substance, 
constituted a complete diet for the growth, maintenance, and 
reproduction of albino rats. Such a diet was not adequate, how- 
ever, for the production of proper milk by the mother. We 
stated that the addition of a small amount (10 ce.) of cow’s milk 
to the mother’s diet from the time of birth of the voung until 
they are weaned is absolutely imperative, if the voung are to 
survive and to maintain normal growth. 

Further experiments on this point are shown in Tables I, I], 
and III, from which it is clearly seen that the new-born whose 
mothers were fed with a ration made up of bananas, casein, and 
veast failed to grow and died from starvation, or were killed by 
the mother shortly after they were born, except in one instance 
where the young were reared but their body weights were very 
much below normal. The mother of these lost 10 gm. of her 
body weight during | month of lactation. On the other hand, 
the addition of cow’s milk to the same diet made it a proper 
diet, for the production of suitable milk during the period of 
lactation. The mothers maintained their body weights on this 
diet, and Rats 49 and 219 gained in body weight. The health 
and condition of these animals appeared normal in all respects. 


' Sugiura, K., and Benedict, 8. R., J. Biol. Chem., 1918, xxxvi, 171, 
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The aim of the present investigation has been to study the 
unknown chemical substance or substances present in’ milk, 
which are indispensable for the growth of young animals during 
the period of lactation. 


Review of Previous Investigations. 


Of all foods, milk is the most important. It contains all the nutrients 
essential for growth. The important constituents of milk are water, fats, 
easein,® lactalbumin,’*! laetoglobulin,’® lactose, lecithin,® cholesterol,’ 
uren,*® ammonia,’ the purine bases, aleohol-soluble protein,'® inorganic 
salts, enzymes, and unidentified accessory factors.''!* Many foreign 
substances, such as flavors, condiments, and stimulants, introduced with 
the food, are seereted in the milk. 

A brief review of the more characteristic investigations relating to milk 
production of adult animals and to the subsequent growth of young may 
throw light on the nature of the catalytic substances present in milk. 

Decaisne,'* during the siege of Paris, made an observation upon the 
milk production of forty-three women and the behavior of their infants. 


4 ! Twelve strong, healthy women had plenty of milk of good quality and 
3 their children obtained enough milk at the expense of catabolized tissue 
4 of the mothers. Fifteen women had little milk of poor quality. Their 


e children became weak and had enteritis. Sixteen women had very little 
3 milk and more than three-fourths of the children died from starvation. 
Most of the forty-three women appeared to be suffering from malnutrition. 
Milk analyses revealed that the amount of fats, casein, milk-sugar, and 
salts was diminished while albumin increased as a result of insufficient 


nutrition. 
: MeCollum and Davis'* have shown that young rats maintained normal 
growth for periods of 70 to 120 days on a ration of purified food substances 


2 Vernois, A.-G.-M., and Beequerel, A., Ann. Hyg., 1853, xlix, 257; 1, 43. 
*Sebelien, J., Z. physiol. Chem., 1885, ix, 445. 
Halliburton, W. D., J. Physrol., 1890, xi. 448. 
Sebelien, J., J. Physiol., IS91, xu, 95. 
Stoklasa, J., Z. physiol. Chem., 1897, 343. 
7 Filia, A., Riv. clin. pediat., 1914, xu, 339. 
S Schéndorff, B., Arch. ges. Physiol., 1900, Ixxxi, 42. 
Sherman, H. C., Berg, W. N., Cohen, L. J., and Whitman, W. G., 
J. Biol. Chem., 1907, 11, 171. 
; 10 Osborne, T. B., and Wakeman, A. J., J. Biol. Chem., 1918, xxxiii, 7. 
1 Osborne, T. B., and Mendel, L. B., Carnegie Institution of Washing- 
ton, Publication No. 156, 1911, pts. 1 and 2. 


tm 


4 | 2 Hopkins, F. G., J. Physiol., 1912, xliv, 425. 
Deeaisne, Gez. méd., xxvi, 317. 


4 MeCollum, E. V., and Davis, M., J. Biol. Chem., 1913, xv, 167. 
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consisting of casein, carbohydrate, and salt mixtures or the same ration 
in which a part of the carbohydrates was replaced by lard. Upon these 
rations females did not become pregnant; however, upon the addition of 1 
gm. of ether extract of egg or butter, not only was growth resumed but 
they also became pregnant and gave birth to young. Some of the young 
animals were eaten by their mothers; others were reared but were very 
much undersized. The cause of the subnormal growth of young was due to 
the insufficient milk production of the mothers. 

Osborne and Mendel,'® working with young white rats, found that the 
milk food, which consisted of milk powder, 60 per cent, starch, 12 per cent, 
and lard, 28 per cent, was an adequate diet and animals not only had 
grown from infaney to full maturity, but also gave birth to voung which 
in turn thrived upon the same diet. | 

Hart and Humphrey,'® using two grades of Holsteins, showed that the 
nitrogen of alfalfa hay is quite efficient for milk protein building. Krom 
the fact that alfalfa hay contains a relatively small amount of acid amide 
nitrogen and a much greater amount of amino-acid nitrogen, they drew 
the conclusion that the real nutritive nitrogen value of alfalfa hay lay in 
the amino-acid nitrogen. They made'? a comparison of the relative 
efficiency of the ingestion of the proteins of milk, corn, and wheat grain 
on milk production; they found milk protein most effective and wheat 
grain least effective. During the negative nitrogen balance which followed 
corn or wheat protein ingestion they observed enhanced tissue autolysis. 
The production of milk remained the same both in volume and concen- 
tration for a short period at the expense of catabolized tissue. 

MeCollum, Simmonds, and Pitz'® found that young rats were able to 
grow normally upon a ration containing wheat, casein, dextrin, butter 
fat, and salt mixture. Females gave birth to litters of young, but the 
mothers failed to rear young on this diet. The lack of suitable milk pro- 
duction by the mother was due to the shortage of the water-soluble 
accessory factor in the milk. These results are the experimental proof of 
their earher statement that the unidentified fat-soluble and = water- 
soluble accessory substances of the diet ‘‘pass into the milk only as they 
are present in the diet of the mother, and that milks may vary in their 
growth-promoting power when the diets of the lactating animals differ 
widely in their satisfactoriness for the growth of young.’’!® 

Daniels and Nichols,?® working with the soy bean rations, came to the 
conclusion that very young rats required a greater amount of fat-soluble 
accessory factor than adults to pass the early growing period successfully. 


'’ Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1913, xv, 311. 

‘6 Hart, KE. B., and Humphrey, G. C., J. Biol. Chem., 1914, xix, 127. 

'? Hart, Kk. B., and Humphrey, G. C., J. Biol. Chem., 1915, xxi, 239. 

'S McCollum, E. V., Simmonds, N., and Pitz, W., J. Biol. Chem., 1916- 
17, xxvill, 211. 

'? McCollum, E. V., Simmonds, N., and Pitz, W., J. Biol. Chem., 1916, 
Xxvil, 33. 

°° Daniels, A. L., and Nichols, N. B., J. Biol. Chem., 1917, xxxii, 91. 
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Loeb and Northrop*! have been able to show that the imago of the fruit 
fly (Drosophila) can live on “'glucose-agar”’ alone, while the larvie cannot 
grow on ‘“glucose-agar’’ unless yeast is added. The larvie needed an 
adequate diet for body building while the imago, the full grown organism, 
appeared to be in no need of such growth-inducing substances as are 
present in yeast. 

Stepp” has pointed out that the substance in cow’s milk, which in 
minute quantities suffices to induce normal growth of young mice when 
added to an inadequate diet, is not fat, cholesterin, lecithin, or salts. 

Meigs and Marsh® obtained two unknown substances from cow’s milk, 
one aleohol-soluble and the other ether-soluble, which are claimed to be 
important constituents of diets. The former substance contained 13.8 
per cent of nitrogen and its ash showed the presence of phosphorus; while 
the latter contained no nitrogen, but contained a considerable amount of 
sulfur. The amount of these substances diminished with the progress of 


lnetation. 


Methods and Material Employed. 


The albino rats used by us were raised in our own laboratory. 
| | They were fed with wheat bread soaked in whole milk, fresh 
4 : ‘arrots, and oceasionally a small amount of fresh meat (beef). 

This normal diet was designated as Ration N. 

The animals were from 90 to 300 days old. This includes the 
period of rapid growth and the attainment of maturity. Also 
the most successful reproductions occur in this period. Pregnant 
animals on a normal diet were placed in separate metal cages, 
having sawdust- and newspaper-sprinkled floors, as soon as their 
condition was discovered and were put on the special diets which 
were continued until the end of the experimental period. In 
choosing the pregnant females among normally fed animals, care 
was taken to select only those in good health. A large number 
of pregnant rats were fed with the normal diet at the same time 
that the experimental diets were being investigated. 

The animals were weighed together upon the day of birth 
(less than 12 hours after birth) and every alternate day. The 
size of the litter as well as the physical condition and body weight 

of the mother at the birth of the young and during the experi- 


21 Loeb, J., and Northrop, J. H., J. Biol. Chem., 1917, xxxii, 103. 
22 Stepp, W., Z. Brol., 1911-12, lvii, 135. 
23 Meigs, EK. B., and Marsh, H. L., 7. Biol. Chem., 1913-14, xvi, 147. 
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mental period were recorded. The sex of the new-born animals 
was determined by the method devised by Jackson.** 

It is a well known fact that generally male albino rats weigh 
more than females throughout life. King? has found in 8&5 
litters examined that the average weight at birth of the male 
albino rats ts 4.54 gm., and that of the females is 4.27 gm.; while 
Jaeckson® reported 5.18 @m. for males and 4.89 gm. for females 
in 63 and 66 animals respectively. The different factors which 
might influence the body weight of the albino rats at birth are 
summarized by King as follows: (a) The. age of the mother: 
hb) the physical condition of the mother; (¢) the body-weight 
of the mother; (d) the size of the litter; (e) the position of the 
litter in the litter series; and (f) the length of the gestation 
period.”° 

King’s interesting graphic comparison” shows that during the 
first 60 days the growth curve of female albino rats runs very 
closely to the growth curve of the males, but then the curves 
begin to separate rapidly; 7.e., males surpassing females in body 
weight. 

We have not attempted to weigh voung males and females 
separately during the first 30 days for two reasons: first, there is 
no object in the determination of the body weights at definite 
ages; second, we are interested only in seeing what difference 
there is in the body weight and general condition of the yvoung 
when the mother’s diet is changed to the experimental diet. 

The relative effective value of foods was determined by the 
change in the body weights of voung rats at seven selected ages; 
namely, at birth, and on the 5th, 10th, 15th, 20th, 25th, and 
30th days, and comparing these weights with those of voung 
whose mothers were fed on a normal diet. 

The following rations were employed in this investigation and 
the methods of preparation for the individual food substances 
are discussed in detail. 


4 Jackson, C. M., Biol. Bull., 1912, xxiii, 171. 
* King, H. D., Anat. Rec., 1915, ix, 213. 
*6 King, H. D., Anat. Rec., 1915, ix, 751. 
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Bananas.. 
Casein... 
Yeast.... 


Bananas 

Yeast... 


Bananas... 
Casein....... 

Protein-free milk 


Bananas... 

Casein. . 
Salt mixture... .. 


Bananas...... 


Natural salt mixture... .. 


Bananas... 
Casein... 
Lactose... 


Ration N. 


Bread. 
Carrots. 


Milk. 


Ration Y. 


per cent 
16.0 


Ration M. 


per cent 

16.00 
ce. each animal. 


Ration P. 
per cent 


83.0 
16.0 


Ration SS. 
per cent 


0.50 
0.2S 


Ration N.S. 
per cent 


Ration L 


per cent 


83.00 
16.00 
0.50 
0.50 


Bananas.—In a recent article Hess and Unger*?? have shown 


i that fresh young vegetables possess a much greater amount 

of antiscorbutic and growth-promoting substances than old 
vegetables. 


*7 Hess, A. F., and Unger, L. J., J. Biol. Chem., 1919, xxxvili, 2938. 
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Abderhalden and Lampé?? and Funk?’ showed that cooked 
polished rice took much longer to produce polvyneuritis in pigeons 
than uncooked polished rice. They suggested that the beneficial 
action of the cooked rice was due partly to the intake of rela- 
tively smaller amounts of carbohydrate by the birds. 

In a preliminary communication,' we have reported that a 
banana diet maintained the life of voung albino rats much longer 
than when fed on carrots as the sole feod. We believed that the 
difference in the nutrition of young animals when fed upon these 
closely allied forms of foods is due partly to a difference in the 
degree of digestibility. Another example of how easily digestible 
foods influence the maintenance of animal life is seen in the fact. 
that rats can live very much longer on the cooked white potato 
(Irish) than on uncooked potato. Detailed investigation on the 
nutritive value of potato will be given in a later paper. Through- 
out the experiments we used only the edible portion of well 
ripened, golden vellow bananas. . 

Casein. MeCollum and Davis have purified casein without any 
application of high temperature since they learned that the pro- 
longed heating even at temperatures of 90-100°C. causes 
deterioration of the nutritive properties of milk. The growth 
curves showed the absence of unknown growth-promoting sub- 
stances in their purified casein’? They have observed that 
heating Casein in a moist condition for 1 hour in an autoclave 
at 15 pounds pressure destroys its biological value as a complete 
protein.’ This particular point is true when a ration con- 
tained 5 per cent casein? but when a ration contained 10 per 
cent casein,” the difference of the nutritive value in the heated 
and unheated casein is not clearly shown. 

Funk and Macallum,*! .n order to free commercial casein from 


| 
the traces of unknown accessory substances, extracted it) by 


** Abderhalden, E., and Lampé, A. E., Z. ges. exp. Med., 1913, i, 296. 

** Punk, C., Z. physiol. Chem., 1914, Ixxxix, 373. 
~ -*° MeCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxiii, 231. 

‘' MeCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxiii, 247. 

MeCollum and Davis, Chart 5. 

© MeCollum and Davis,*! Chart 6. 

* Funk, C., and Maeallum, A. B., Z. physiol. Chem., 1914, xeii, 13; J. 
Biol. Chem., 1916, xxvii, 51. 
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refluxing for 6 hours with boiling 95 per cent alcohol. They 
found that the process did not alter the nutritive properties of 
the protein. 

Drummond® has extracted the dried caseinogen with two 
changes of alcohol for 6 hours at 60°C., and then with ether for 6 
hours. This method of purification did not make it unsuitable 
for the rats. However, he has observed in two cases that when 
the caseinogen was extracted with hot alcohol in a slightly moist 
condition, there was some chemical change and it lost its protein 
value. 

The casein we employed was prepared from commercial, 
washed casein by boiling for 2 hours with 95 per cent ethy! 
alcohol. It was filtered after standing over night at room tem- 
perature and the casein washed well with fresh alcohol and then 
allowed to dry in the air. A former experiment*® showed clearly 
that our purified casein was free from unidentified accessory 
factors, it Was not toxic, and it possessed full biological value 
as a complete protein. | 

Yeast.— The shortage of water-soluble accessory substance in 
bananas was supplied from yveast.°7:°5 Fresh veast®® was filtered, 
pressed, dried in the air at room temperature, and was then well 
ground, During drying, mold has generally grown on the surface 
of the veast. 

Protein-Free Milk.—The fact that voung white rats have failed 
to grow upon the isolated food substances, but rapid recovery 
of health and growth have followed when 28 per cent of protein- 
free milk has replaced the inorganic elements and a part of the 
carbohydrate in food, led Osborne and Mende! to conclude that 
their natural protein-free milk contains unidentified water- 
soluble aecessory substances." Later Osborne and Mendel*® 


Drummond, J. C., Biochem. J., 1916, x, S89. 

*° Sugiura, WK., and Benedict, ie J. Biol. Chem., 1919, xxxix, 421, 
i.xperiment 1. 

7 Funk, C., and Macallum, A. B., J. Biol. Chem., 1915, xxii, 413. : 

°’ Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1917, xxxi, 149. 

* The yeast was obtained from the Lion Brewery, New York City. 

‘Osborne, T. B., and Mendel, L. B., Carnegie Lnsti ution of Washington, 
Publication No. 156, 111, pt. 2; Z. Chem., 1912, Ixxx, 356; J. Biol. 
Chem., 1912, xii, 473; 1913, xv, 311; 1915, xx, 351; 1916, xxvi, 1. 
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have shown that the protein-free milk appeared to contain a 
new unidentified accessory substance which is not present in 
veast. 

We have prepared natural protein-free milk from fresh skimmed 
milk*! according to the procedure used by Osborne and Mendel. 
Different chemical analyses show that the contents of our prepa- 
rations are nearly the same as those found by Osborne and 
Mendel. | 

Salt Mixtures —-The importance of the individual inorganic 
salts in the réle of nutrition has been clearly shown and dis- 
cussed.” Our artificial salt mixture was prepared according to 
Osborne and Mendel.*# The natural salt mixture was prepared 
by igniting our protein-free milk until entirely free from earbon. 
The inorganic residue gave 14.3 per cent of the original material. 

Lactose.—Hopkins and Neville,” Sweet, Corson-White, and 
saxon,*® MeCollum and Davis,*7 and Drummond® have clearly 
shown that the lactose, prepared from milk, may contain traces 
of impurities which act as a growth-promoting substance, and 
such substances can be removed by means of purification with 
95 per cent alcohol. 

We have purified lactose (Merck) by means of recrystallization 
from ethyl alcohol. The crystalline lactose was dried in a 
vacuum desiccator over sulfuric acid. 


‘The milk was obtained from the Walker-Gordon Laboratory Company, 
New York City. 

” Osborne, T. B., and Mendel, L. B., Carnegie Institution of Washington, 
Publication No. 156, 1OL], pt, 2. 

Rohmann, F., Allg. med. Central.-Z., 1908, Ixxvii, 129. MeCollum, 
KE. V., Am. J. Physiol., 1909-10, xxv, 120. Evvard, J. M., Dox, A. W.., 
and CGiuernsey, 8. C., Am. J. Phystol., 1914, xxxiv, 312. Hart, B., and 
MeCollum, EF. V., J. Biol. Chem., 1914, xix, 373. Hogan, A. G., J. Biel. 
Chem., 1916, xxvii, 193. Osborne, T. B., and Mendel, L. B., J. Brol. Chem., 
I9IS, xxxiv, 131. Steenbock, H., Kent, H. E., and Gross, G., J. Biol. 
Chem., 1918S, xxxv, 61. Sherman, H. C., Chemistry of food and nutrition, 
New York, 2nd edition, 19IS, 254. 

4 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1913, xv, 517, Salt 
Mixture LV, minus the lactose. 

** Hopkins, F. G., and Neville, A., Biochem. J., 1913, vil, 97. 

* Sweet, J. ., Corson-White, E. P., and Saxon, G. J., J. Biol. Chem., 
1915, xxi, 309. 

NicCollum, Lk. V., and Davis, M., J. Biel. Chem., 1915, xxiii, 
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rimental sults, 


Cour expernmental results are compiled in Tables Ito VII. 


from the expernments we obtained the following facts: 


[) The comparative number of voung born per litter from 


mothers ted with different rations is summarized in Table VITI. 
2 Theaverage number ot davs when the voung from mothers fed 
the different iets opened therreves Wiis noted ana found to he 
tor Ration N, 16.0 tor Ration Y, 16.0 tor Ration 15.6 for 
Ration ‘- and 15.9 tor Ration bi > | The total per cents ot Voung 
rats which were born under the tollowing diets and which have 
thrived during the expernmental pertods of 30 davs were found to 
be with the normal diet, 71; with Ration Y, 20: with Ration M, 
with Ration P, with Ration L, 26. (4) The addition of 
O.9 per cent of protem-tree nulk to the mothers dret, which con- 
sisted of bananas, 85.0, casein, 16.0, and veast, 0.5 per cent, not 
only iamtamed her body weight throughout the lactation 
period, but also gave excecllent milk supply both in quantity and 
quality (Table IV). (5) The amount of the food, Ration P, 
eaten by the mother during the Incetation period inereased as 
lactation progressed, (6) The addition of 0.28 per cent of salt 
mixture, either artificial or natural, had no benetieial action 
upon the banana-casein-veast diet (Tables Vand (7) The 
addition of 0.5 per cent ot purified lactose to the 
veast diet mereased slightly its nutritive value. A stall num- 
ber of voung were reared by the mothers on this diet, but ther 
body weights were very much below normal (Table VIE). oS) 
Table IX) shows more clearly the relative effective value. of 
foods. The weights are the average of the rats which survived 
during the experimental periods. These figures are compiled 


trom Fables Tto VIEL. 


3 
: 
1 
a 


> OO iF) GE: OF GE'S | | ts iH) | Ch 
i 
FVYMOWOS _,, US Io) ZT) SC IL] 00°C) Stl | 6l¢ 
PUB POTTY pomp AY | 6S 02'6 | | GSC 
“ABP 
. 


Kk. 


{ j 
) 
ite 
i 
tad 
~ 
ef 
« 
Se 
* 
- 
ag 
x 
q 
: 


* 


— 
— 
ory | » § fay 
on ARP Pug WoO AD bs] ony ( { "il 
/ * OU G J cy 
ARP Uo A, | 
Il AL 
— 


+ 
4 
3 
“ 
‘4 
4 
: 
©, 


461 


ict 


» | 16°21) 22°21] 98°6 | 09'9 | Lz & | & | HI 


‘a and S. R. Bened 


| | | | | | 
MOIS PUZ UO 6 PUR EL SL IZ SE EL OWS) SOE F | rood 

Loyyomoy PUB Jo APOG IBBIIAY JOCON 


| 


TD 


Kk. 


> 
| 
¥ 
| 
t 
i 
: 
i 
a 
: 
“a 
4 
on 
ie 


— 


pur 


IST UO polp 


Nutritive Value of Banana. 


$49) 49d ADK 


462 


IT S$ 


lt Oc 


OC 


‘ABP 


PUL 


AL 


ENS 


Ap 
Wye 


iz 
| 
% 3 
} 
4 
% 
: i 
i 
2 > 
4 
rq 
, 
; 
a 
H ~ 
ag = 
a ~ 
. 
~ 
- 
) ~ 
é 
> 
~ 
— 
= — 
— - 
~ ~ ~ 
4 
4 
; | 
‘ 
& 
i 


+ 


463 


oy vty Uo pup | | 


; 


LA 


“LOY POUL AG PUB poTPEY 


pou 4 


.. Sugiura and 8. R. Benedict 


“AUP UIQ VY} UO TTY t HG CHI 
“ABP pug 
“ABP ayy UO 
| woe | | | wer | wer | | | “Apog |. “ON 
LOY PUB SaPRUL JO ALAM | JO CON 
UI) 49d 108) 0 1809 00 GT ER svUDUDY 


A 


> 
4 
4 
ide 
+ 
Sx 
4 
$ 
4: 
ia 
‘ 
- 
: 
og 
. 
i 
| 
4 
. 
pS 
RE 
| 
& 
an 
* 


II 


ilue of Banana. 


ive V: 


riti 


Nut 


464 


W407 oud 


Pag UO LARP PUT oy, UO | 


9 
| 06 SC’ Gl 


| €0'2 
OL 
te tT OF Ol 
+ 
+ 
68'S | St 
IZ #0 01 
‘Wp 
Amp ‘Aup 


QOL 


‘AUD 


YIOT UO LARP YET uo A T puw Z t CO’ 
“ABP ULE UO 
porp A T © yg uo 
© pag uo puz uo potp © 7% 
‘toy Re 4 pur potp | 
4 7 ABp UO UO polp A 
“ARP pug oy UO 
‘Aup ‘AUD AUP 
JOY 
TTA 


{ 
GG ¥ 
aye 
JO ON 


| lol 


APogy 


> 
“ 
al 
4 
# 
4 
vf 
7 
| 
z 
; 
4 
~ 
~ ~ - 
| 
| 
i 


© 
= ‘pod 
ate 
= QING | | 
AUP WO porp t | 9 | | 922 
ayy pur © pag oyy uo | | | 
‘POZISLOPUN PRY MOTOS | | | 
1 yg uo pug uo © FOGLE OT EL SET GOL IN | 061 | 928 
| | | | 
oy}, UO DA T Uo | | 
Ter uo puz oy, uo © 626 CON OF S COL OOO Got | 


“a 
> 
“4 
x 
4 
of 
4 
aR & 
= } 
a 
ag 
43 
Sr, 
: 


466 Nutritive Value of Banana. II 


TABLE 


Average no. of young 


Mother's ration No. of litters examined. per litter. 
7 
M. 7.8 
P. 7 6.9 
6.7 
N.S. 2 
| Is 6.5 


TABLE IN. 


Wogwht of rats on experimental diets 


Dav of 
determin- 
ation Ration N Ration Y. Ration M. Ration P Ration S_ we Ration L. 
gm gr. gm. gm. ym. gm. 
Birth. 16 ae 1.33 4.68 | 4.16 | 4.20 | 4.45 
10th. 11.82 7.24 10.36 12.26 
loth, 15.59 1306S 15 SS | 12.03 
20th. 20.60 17.48 19.63 | 14.21 
25th. 12.62 66 37.16 19.07 
30th. 31.37 16.53 26.40 34.34 i 21.89 
* Died. 


DISCUSSION, 


Our results show that whole milk, or protein-free milk is 
effective in making banana-casein-veast diet complete for 


milk production. 

Aceording to Osborne and Mendel," their protein-free milk 
contains O-ES per cent of non-protein nitrogen, and 0.28 per cent 
of protein nitrogen. They have stated that the amount of milk 
protein in the protein-free milk was not the cause of inducing 
the growth of the retarded animals. On the other hand, McCol- 
lum and Davis® argue that the nitrogen of the protein-free milk 
is equivalent to milk protein nitrogen as a nutrient for young 
rats. Osborne and Mendel answer the eriticism of MeCollum 


NT ‘ollum, v., and Davis, J. Biel. Chem., 1915, XX, OAL. 
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and Davis by showing very remarkably different chemical proper- 
ties possessed by the protein-free milk and veast. They say: 


“On a ration of purified casein, ‘artificial protein-free milk,’ starch, 
lard, butter fat, and 1.5 per cent of dried yeast, rats of both sexes have 
grown from about 50 gm. body weight to maturity, and have even pro- 
duced young. . . . . Adult rats have been maintained for more than 
300 days. For some as yet unknown reason the majority of the rats grew 
normally when the protein used was casein, whereas they have usually 
failed when it was edestin, and almost invariably when lactalbumin, 
cotton seed globulin, cotton seed proteins, or squash seed globulin was 
fed. This result surprised us because all of these proteins? had earher 
led to normal growth when used in rations containing natural ‘protein-free 


milk.’ ”’ 


From these experiments, Osborne and Mendel make the sug- 
gestion that the unknown nitrogenous constituents in the pro- 
tein-free milk may supply the unrecognized deficient substances 
in these proteins. Assuming Osborne and Mendel’s figures to 
be correct, we added only O.OOS8S per cent of milk protein from 
the protein-free milk. We believe this amount does not exercise 
any influential effect upon the nutritive efficiency of the dietary. 

Interesting investigation on the nature of lactalbumin as a 
complete protein has been made by Emmett and Luros.°’ They 
concluded, from the fact that lactose supplemented lactalbumin, 
that the former either acted as a buffer to overcome the toxicity 
present in the diet, or it adsorbed a new water-soluble growth- 
promoting substance. 

In a recent paper, Kennedy®! has reported that protein-free 
milk contains “either unprecipitated protein, or peptids of 
considerable size.’ 


CONCLUSIONS, 


1. A diet consisting of bananas, 83.0 per cent, casein, 16.0 
per cent, veast, 0.5 per cent, and protein-free milk, 0.5 per cent 
is an adequate diet for the growth, maintenance, reproduction, 
and perfect milk production of the albino rats. 


‘° Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1912, xii, 473; 1915, 
‘x, 551; 1916, xxvi, 1. 

‘°° Emmett, A. D., and Luros, G. O., J. Biol. Chem., 1919, xxxviii, 147. 

‘! Kennedy, C., J. Am. Chem. Soc., 1919, xh, 388. 
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2. Protein-free milk contains a substance which is needed for 
suitable milk production by the mother. 

3. This substance appears not to be associated with purified 
milk-sugar or Inorganic constituents of milk. 

4. This peculiarity possessed by the protein-free milk indicates 
that it contains a new accessory substance which is lacking in 
yeast. 

5. Our experiments suggest that a combination of bananas and 
milk, in proper proportion, constitutes a complete food. 
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FURTHER CONTRIBUTIONS TO THE PHYSIOLOGY OF 
PHOSPHORUS AND CALCIUM METABOLISM 
OF DAIRY COWS.* 


By EDWARD B. MEIGS, N. R. BLATHERWICK, ann C. A. CARY. 
Wirt THE COLLABORATION OF T. Woopwarp. 


(From the Research Laboratories of the Dairy Division, Bureau of Animal 
Industry, United States Department of Agriculture.) 


(‘Received for publication, September 24, 1919.) 


Recent work has made it seem probable that the amount of 
ealetum and phosphorus contained in the rations of dairy cows is 
a matter of great practical importance. In a comprehensive 
series of experiments on liberally milking cows, Forbes and co- 
workers! have found that the calcium balances were always nega- 
tive and the phosphorus balances usually so; and this in spite 
of the fact that the rations were liberal and, in many cases, con- 
tained more caleium and phosphorus than is ordinarily fed even 
to high producing cows. 

In view of these and other results with the same general ten- 
deney, it seems desirable that caletum and phosphorus metabolism 
in dairy cows be intensively studied; and we have recently carried 
out a series of experiments on cows in which the calcium, phos- 
phorus, and nitrogen balances were followed. 


Objects of the Experiments. 


Our experiments were planned to throw light on a number of 
points. It has been the custom at the Government Farm at 
Beltsville, Mad., as it probably is on most dairy farms, to feed 
cows according to their milk vield. As the milk vield decreases 


*Published with the permission of the Secretary of Agriculture. 

' Forbes, E. B., Beegle, F. M., Fritz, C. M., Morgan, L. E., and Rhue, 
S. N., Ohio Agric. Exp. Station, Bull. 295, 1916; thid., Bull. 308, 1917. 
lorbes, B., Halverson, J. O., and Morgan, E., chid., Bull. 390, 1918S. 
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with the progress of lactation, the feed—particularly the grain— 
is reduced, and reaches its lowest point when the cow becomes 
altogether dry, generally only a few weeks before the next calf is 
born, The routine ration fed to the dry cows at Beltsville is 
shown in Table III], as the ration fed to Cow 51 from February 
17 to March 10, 1919. It contains sufficient protein, fat, and 
carbohydrate to provide liberally for the maintenance of the cow 
and the growth of the unborn calf, as calculated from the figures 
given in the standard text-books. 

In most dairy rations, the grain contains a large proportion ot 
the phosphorus, and the ration in question is no exception to this 
rule (Pable Vj). As it is the grain which is chiefly reduced in the 
rations of the dry cows, it becomes an interesting question whether 
these cows receive sufficient phosphorus to provide for the opti- 
mum milk vield in the next lactation. 

We have recently reported experiments in which the concen- 
tration of phosphorus in the blood plasma of dry, pregnant cows 
has been followed?) Though the cows were fed a much higher 
grain ration than the one in question, there was nevertheless a 
decided tendeney for the concentration of phosphorus in the blood 
plasma to fall off toward the end of pregnaney. In other 
unpublished experiments, we have found that this tendeney is 
more marked when the grain ration is lower. 

We are engaged at present in carrying out experiments to 
determine whether the ration described above can be improved 
from the practical standpoint by adding sodium phosphate to it, 
and by feeding it ina manner which we judged would facilitate 
the absorption of phosphorus. There is considerable evidence to 
show that the absorption of phosphorus from the intestinal tract 
may be hindered by the simultaneous presence of calcium com- 
pounds.** We have, therefore, attempted to separate the calcium 


> Meigs, Kk. B., Blatherwick, N. R., and Cary, C. A., J. Biol. Chem.. 
1919, xxxvil, 1. The experiments in question are referred to on pp. 45 and 

* Hammarsten, O., A text-book of physiological chemistry, translated 
by Mandel, J. A., New York and London, 7th edition, 1915, 762. Forbes, 
lk. B., with collaborators, Ohio Agric. Exp. Station, Techn. Bull. 6, 1915, 
bit). 

‘ Bertram, J., Z. Biol., 1878, xiv, 335. 
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and phosphorus compounds in the intestinal tract by feeding the 
grain and hay of the rations on alternate davs. This method of 
feeding is shown in Table III as the ration fed to Cow 63 from 
february 17 to March 10. 

The milk vield of cows fed, for several weeks before calving, 
in this manner has been compared with that of control animals 
fed like Cow 51, February 17 to March 10 (Table III). So far, 
about a dozen experiments and controls have been carried through 
altogether, and the results indicate that the cows on the experi- 
mental feeding gain weight and improve in condition at least as 
satisfactorily as the controls and that their milk vield in the next 
succeeding lactation is decidedly larger. 

We do not consider the results sufficiently numerous as vet to 
be final, and we are carrving out further experiments of the same 
sort. But, in the meantime, we wished to study the effects of the 
experimental feeding on calcium and phosphorus assimilation, 
and the experiments to be reported in this article have been 
planned with that end in view. 

This made it possible to study the effects of feeding phosphate 
on the urinary and fecal exeretion of phosphorus. We have 
previously shown that feeding phosphate tends to increase the 
concentration of phosphorus in the blood.’ It) seemed worth 
while, therefore, to take a certain number of blood samples during 
the course of the balance experiments and to study the triple 
relationship between phosphorus in the rations, in the blood, and 
In the urine. 


Greneral Plan of Experiments. 


Two healthy, grade Holstein cows were selected, each of which 
had been dry for about a month. Each had been fed for some 
time previous to the beginning of the experiment on the same 
ration that she was to have during the first part of the experiment. 
soth were in the last third of pregnancy. One, No. 51, was due 
to ealve on April 17, 1919, 59 days after the beginning of the 
experiment, the other, No. 63, on May 4, 1919, 76 davs after the 
beginning of the experiment. Their weights are given in Table I. 

> Meigs, Kk. B., Blatherwick, N. R., and Cary, C. A., /. Biol. Chem., 
1919, xxxvil, 45. 
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Qn February 17, 1919, the cows were brought into the stalls 
in which the experiment was to be carried out. These stalls, in 
the basement of the laboratory building, were built of wood. 
Their construction was in general similar to that to which the 
cows were accustomed. They were provided with mangers so 
constructed as to prevent effectively the scattering of the rations, 
and with beds made of several lavers of sacking. The cows were 
held in stanchions like those to which they were accustomed. 
The temperature in the experiment room ranged from 1O0-18°C. 

The urine and feces were collected in essentially the same 
manner as in Forbes’! experiments. Three men were employed, 
each of whom remained behind the cows for 8 hours out of the 24, 
and were provided with shovels and large, galvanized iron dippers 
in which to catch the feces and urine, respectively, before they 
reached the ground. In addition, a long, galvanized iron pan 
was placed behind each cow to catch any of the excreta that might 
accidentally fall. The feces caught in the shovels were trans- 
ferred to covered, galvanized iron garbage cans, and the urine 
‘aught in the dippers was transferred to glass carboys. The 
excreta which fell accidentally were placed in separate receptacles 
and weighed. The total amount, however, throughout the course 
of the experiments was so small that no conceivable departure of 
its composition from the average could have had any perceptible 
effect on the results. It was therefore simply brought into the 
calculation as a part of the daily amount of excreta voided, but 
was not separately analyzed. 

The experimental day began and ended at 10 a.m. At this 
time the urine and feces collected in the previous 24 hours were 
weighed and aliquot samples of each were set aside. As an aliquot 
from the feces we took =) of the total amount voided in the 24 
hours and added a small amount of chloroform as a preservative. 
From the urine we took two aliquots in each case, one for the 
nitrogen determination, and the other for the calcium and phos- 
phorus determinations. The first of these amounted to 20 ce. per 
pound of urine voided, and was preserved with a small amount of 
chloroform. The second amounted to 100 ce. per pound of urine 
voided. To this quantity enough strong HCl was added to make 
the resulting mixture distinctly acid to litmus after all the CO, 
had been driven off. The amount of HC] added was measured 
and recorded, and a small amount of chloroform was added. 
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The experimental period lasted in each case for 4 days. The 
aliquots obtained during this period were thoroughly mixed, and 
in this way representative samples were obtained for analysis. 
The results, however, are given as the daily average for each of 
the 4 day periods. 

On February 17, 1919, a blood sample was obtained from each 
cow at about 8 a.m.; the cows were brought into the experimental 
stalls about 9 a.m., and their urine was collected for the next 18 
hours. From February 18 until Mareh 2, 1919, inclusive, the 
urine and feces were not collected, but otherwise the cows were 
kept under the same routine as during the collection periods. 
The rations given to each are shown in Table III. 

The balance experiment began on March 3. About 8 a.m. on 
this date a second blood sample was obtained from each cow, and 
at 10 a.m. the collection of the urine and feces was begun. This 
was continued until 10 a.m. on March 11, the intervening 8 days 
being divided into two 4 day collection periods as described above. 
On the morning of March 11, a third blood sample was obtained 
from each cow, and the rations were reversed as shown in Table 
III. The period from March 11 to 20, inclusive, served as an 
intermediate period to accustom the cows to the new rations. 
The excreta were not collected. 

On the morning of March 21, it was evident that No. 51 was 
going to abort, and she had to be discarded as a subject for the 
experiment. The abortion took place that evening. The calf 
was born dead, but it weighed about 30 kilos and was well formed 
for a calf born 4 weeks too early. A few weeks later No. 51 was 
tested for contagious abortion and reacted positively. 

It was decided to carry the experiment on with No. 63 as orig- 
inally planned, and to substitute for No. 51 another cow, No. 66, 
which had for 88 days previously been receiving the same alter- 
nated rations that were supplied to No. 51 from March 11 to 20. 
This cow was a grade Guernsey, and was neither pregnant nor 
milking, but it was thought that some further data could be 
obtained from her in regard to the effects of phosphate feeding 
on the concentration of phosphorus in the blood and the elimina- 
tion of phosphorus and calcium in the urine. 

At 7.30 on the morning of March 21, therefore, blood samples 
were obtained from Nos. 63 and 66 and at 10 a.m. the collection 
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of urme and feces was started. It was continued as before for 
two 4 day periods. At the end of the second one, blood samples 
were again taken and the experiment was concluded. 

No. 63 gave birth to a normal calf, which weighed 31.4 kilos, 
on the morning of April 25, 1919. 

The cows were, of course, closely watched for any abnormalities 
of wppetite or general behavior. No. 51 showed no outward 
sign of disturbance by the experimental routine at any time, 
except that she drank less water during the collection periods 
than during the intermediate period (Table II). 

No. 63, on the other hand, gave signs of being disturbed by 
various parts of the procedure. During the preliminary period 
(February 17 to March 2), she refused a part of her ration, 
although she had eaten it well for the entire previous 2 weeks in 
the general barn; her silage had to be reduced. She consumed 
the reduced ration for a day or two, but began to refuse some of 
it again as soon as the collection of urine and feces began. During 
the first 60 hours of the first collection period, she did not lie 
down in her stall, probably on account of abrasions which had 
developed on her hips and shoulders, and toward the end of this 
60 hours she became obviously extremely nervous and uncom- 
fortable. The difficulty was overcome by providing her with 
sacks filled with straw for a bed.” Like No. 51, she drank less 
water in the collection periods than im the intermediate period. 
She also consistently refused some of her hay and silage in the 
collection periods in spite of the fact that her ration had been cut 
down. During the intermediate period. March 11 to 20, she 
refused only very small portions of her feed (Table IV). 

No. 66, March 21 to 28, suffered, of course, from the double 
disturbance of new. surroundings and collection of urme and feces. 
Her appetite was not much affected. she ate her rations, except 
for the stems of the hav and the cobs in the silage, but she drank 
very little water, and was obviously nervous under the experi- 
mental routine. She would start when anyone went near her or 
touched her, and would often begin the act of urmation, and then 
discontinue it when the attendant approached her. 


* All cows were provided with beds of this sort from the beginning of 


the intermediate period, Mar. 11 to 20. 
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Analytical Methods. 


In undertaking our analyses of the materials fed to the cattle, 
we realized keenly the difficulties which might lead us into error. 
The errors to be expected may be summed up under two heads; 
those due to the fact that all the feeding materials contain a con- 
siderable and more or less inconstant percentage of water, and 
those due to the difficulty of obtaining representative samples for 
analvsis—particularly from such materials as corn silage and 
alfalfa hay. Our preliminary experience showed us that these 
ditheulties are very real. 

They are to be avoided by grinding large samples, by thorough 
mixing of the ground material, and by making sufficiently numerous 
moisture determinations. The process of grinding often produces 
very considerable changes in water content, which must be ade- 
quately controlled. 

We evolved a procedure which gave satisfactory results, but we 
do not think it necessary to give it im detail. Its detailed deserip- 
tion would occupy a great deal of space, and the precautions are 
such as would oecur to anyone seriously interested in the subject. 
We prepared enough hay and grain at the beginning to last through 
the experiment; but with the silage we found it advantageous to 
take out aliquot samples for analvsis from each feed. The aliquots 
for each collection period were thoroughly mixed and analyzed 
separately from those of the other periods, and in our tables, 
therefore, the composition of the silage fed is given for each period 
separately... The composition of the various feeds is given in 
Pable V; and the composition of the feed refused, in Table VI. 
Ina footnote to Table [IV are given details concerning the manner 
in Which the feed refused was handled. 

The analvtical methods used, were, in general, those described 
in our previous article.’ Some modifications have, however, been 
introduced as indicated below. 

lor calcium determinations we ashed some of our samples of 
feces and some of our samples of hay in platinum crucibles over a 
free Tame or in an electric furnace, instead of with nitrie and 
sulfuric acids. Wefound it most convenient to determine calenumn 
in urine directly without ashing, as suggested by MeCrudden.? 


i McCrudden, F. H., J. Biol. Chem., 1911-12, x, 199. 


PHE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XL, NO. c 
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In some calcium determinations, also, in material ashed with 
nitric and sulfuric acids, we omitted the preliminary precipitation 
of the calcium as sulfate, our new procedure being as follows: 

The acid ash is boiled with about 25 ee. of water as usual and 
then made up to approximately 75 cc. with water. One drop of 
0.006 per cent phenolsulfonephthalein is added and 28 per cent 
NH; until the color changes through vellow to pink. The mixture 
is cooled and 10 per cent HC] is added drop by drop until the color 
changes back to clear vellow; 10 ce. of 0.5 Nn HCl and 10 ce. of 
1.75 per cent HeC.O, are then added; the mixture is heated to 
boiling: 2O ce. of saturated (NH solution are added: and 
the mixture is kept gently boiling until the precipitate becomes 
coarse (15 to 30 minutes). It is then cooled to 50° or below, 10 
ec. of LO per cent NaC. are added, and the caleium in the 
oxalate precipitate is determined according to the procedure 
given in our earlier article. 

With these exceptions our analyses were carried out exactly as 
deseribed in our earlier article; and, in the cases where we departed 
from the old procedure, we earried out parallel analyses on the 
same samples of material and satisfied ourselves that the two 
methods gave the same results. We determined the moisture in 
our material by drying to constant weight at a temperature 
between 103 and 107°. 

We had a good deal of diffieulty with the urine. Cow's urime 
often contains so little calcium and phosphorus that large samples 
must be taken if accurate results are to be obtained. “To evaporate 
these large samples and ash the residues over a flame is very 
tedious and troublesome, while. if the samples are ashed with acid 
mixture, much difficulty is encountered on account of the high 
content of hippurie acid which changes to benzoie acid during the 
ashing. After trving various procedures we found that it was 
most satisfactory to determine calcium without ashing as described 
above, and to determine phosphorus in samples whieh had been 
ashed with sulfurie and nitric acids. The aliquot samples of urine 
were immediately mixed with enough hydrochloric acid to drive off 
all the carbonate and render them distineths acid to litmus, and 


this treatment brought about the precipitation of a large propor- 
tion of the hippuric acid. Caleium and phosphorus were deter- 
mined after filtering this off. For the determination of nitrogen, 
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of course, It Was necessary to set aside other aliquots not acidified 
and preserved only with a small amount of chloroform. 

The blood samples were treated and analyzed as deseribed in 
our previous article, except that in some cases a change was made 
in the procedure for ealetum, as deseribed above. 

In regard to the size of the samples and the accuracy of the 
determinations in the ease of the blood, the remarks given im our 
earlier article apply also to this investigation. ‘The figures given 
in our tables for the composition of blood and plasma are the 
averages of dupheates which generally agreed with one another 
within 5 per cent.> Phe same remark apples also to our figures 
for the composition of the urine. For the feeds and feces we were 
able to take optimum samples, and the duplicates generally agreed 
more closely. 

The results of our experiments are given in Tables 1 to NTL at 
the end of the article. 


Calerum and Phosphorus Metabolism Balance pe 


Our results show a peculiar relation between caletim snd phos- 
phorus assimilation which seems to us to eall for very careful 
consideration. In every period except that of Mareh 3 to 6, in 
the case of No. OL, phosphorus was assimilated in larger absolute 
quantity than ealcium. The phosphorus balances were positive 
throughout, while two out of the eight calenim balances were 
negative. 

In six out of the cight periods, we were dealing with cows which 
were Carrying ealves, and at or bevond the 7th month ot pregnancy. 
ft is possible to form an approximate estimate of the rapidity 
with which ealcium and phosphorus are assimilated by the embrveo 
ealf in the last 2 months of its intrauterine existence. A calf, 
according to Forbes and Ikeith,’ contains about 1.65 per cent ('at) 


and 1.53 per cent POs in its body, and a new-born calf weighs 


‘The difference obtained by subtracting one figure from the other 


was 5 per cent or less of the larger, 
* Forbes, Ik. B., and Keith, M. H., Agric. Erp. Station, Techn, Bull 
1914, 106. 
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about 35 kilos. A new-born calf, therefore, would have about 413 
gin. of caletum and 234 gm. of phosphorus in its body. 

Forbes and Weith (page 110)° give the weights and the CaO and 
P.O; contents of human embryos at various stages. As the human 
and bovine gestation periods are very nearly the same, the figures 
given may be taken as an approximate representation of the 
progress of things in the ease of the calf. The human embrvo 
at 7 months weighs about one-third of what it weighs at term, 
and its body contains about two-thirds the percentage of ealerum 
and phosphorus that is contained in that of the new-born infant. 
The 7 months embryo, therefore, would contain about two-ninths 
of the absolute quantities of calcium and phosphorus contained in 
the new-born infant or calf. | of 413 is approximately 92, and 
of 234 is 52. In the last 60 davs of intrauterine life, therefore, 
the embryo calf must assimilate about $21 of caleium or 5.3 
gin. a day, and about IS2 gm. of phosphorus, or 3.0 gm. a day. 
These figures are of course only rough approximations, but they 
are quite accurate enough for our PUrpPoOses. 

Reference to Table X shows that the daily phosphorus assimi- 
lation of Cows 51 and 63 was sometimes above and sometimes 
below 3.0. The average for the six periods in which these cows 
were studied is 3.33, which corresponds satisfactorily with the 
ealeulated figure. 

The results with regard to caletum metabolism are strikingly 
different. The calcium assimilation of our pregnant cows was 
alwavs well below 5.5, the nearest figure to this being 3.5 for No. 
51, March 3to6. The average daily caletum assimilation for our 
pregnant cows was only LAt@em. This means that if the calves 
were growing at allas they should during the periods of the balance 
experiments their mothers must have been transferring consider- 
able quantities of caletum from their own bones to those of their 
offspring. 

One's first idea ois that our rations must have been markedly 
deficient in calerum. We do not think that this was the case. 
We fed alfalfa hav, and the rations contained from 30 to 40 gm, 
of caletum daily. This quantitw is generally considered liberal; 


and if our rations had been markedly deficient in calcium, the bad 
effects should have shown themselves in imperfectly formed calves 
and in reduced subsequent milk vield: because both cows were on 
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approximately the rations they received during the collect ion 
periods for from @¢ to TL weeks betore calving. None of these 
bad effeets showed itself. It is true that No. SL aborted. but 
there was much contagious abortion in the herd at the time. 
and she was shown to have the disease. The premature calf 
was large and well formed for a calf born nearly 4 weeks ahead 
of time, and had certainly died only a few hours before its birth. 
No. 63 gave birth to a fair sized and perfectly normal calf at about 
the meght time. Both cows have given much more milk in the 
lnetation periods succeeding the expernments than they had ever 
erven before. 

We think that the true explanation of our results on caleium 
and phosphorus assimilation is quite different from that whieh 
has been suggested: ana, in order to bring out certham Important 
aspects of the subject, we wish to call attention to the proportions 
of caleium and phosphorus contained in the bodies of certain 
miamimals, and to the results which have been obtamed in balance 
experiments on the same species of mammals in the past. 


Phe ratio contained in the whole bodies of mintimisnts is fairly 


|? 
constant, and somewhat higher im mature than ino new-born 
animals. for mature cattle and sheep this ratio is about 1.9:1; 
lor mature pigs about 1.6:12° Growing cattle and sheep must 
therefore, on the average, assimilate at least 1.9 parts by weight 
of Ca for | part by weight of P: growing pigs must assimilate 
sbout 1.6 parts of Ca for | part of P. The figures obtained im 
oaulance experiments carried out in the past deviate largely from 
these ratios and almost universally in the same direction. 
We have made a representative study of the balance experiments 
carried out in the last 60 vears, selecting those which ineluded 
work on the caletum and phosphorus balances of healthy growing 


anitnals fed on normal or nearly normal rations.!' In these 


Forbes and Weith.’ These ratios represent absolute weights, not 
rivatents, 
Lehmann, J., Landi. Ver.-Stat., 1859, 1, 68.) von Gohren, T., chid., 
IM}. iit. IGL. Soxhlet. Erste Berieht tiber Arbeiten der landwirtschat'! 
chen-chemischen Versuchs-Station in Wien, IS70-71, 101. Weiske, Il 
Landw., xxi, 139. Hofmeister, V., Landw. Ver.-Stat., IST3, x 


Wohler, A., Heneamp, F., Just, M., Volhard, J., Popp, M., and 
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twelve researches are included the results of 136 separate experi- 
ments. Inall but eighteen of these the ratio sie sucmniintion 
P assimilation 

less than 1.9 for the cattle and sheep, and less than 1.6 for the pigs. 

The unanimity with which balance experiments on growing 
animals show a deficiency in calcium intake as compared to phos- 
phorus intake becomes still more impressive if the contrary cases 
are examined critically. Lwo of these are from the work of 
In the same article that author gives figures for 


Hlotmeister, 
The figures for the 


mature sheep which are plainly imeorrect. 
mature and growing sheep were obtained by the same methods, 
and it is justifiable, therefore, to doubt the adequacy of the exper- 


unental methods. A satisfactory criticism of Hofmeister’s work 


is given by Neumann.'” 
“ix of the other cases in which the caletum assimilation was 
not deficient occur in the work of Forbes, Beegle, ritz, and 


Mensching on pigs. The pigs in question had been for 51 days 


on rations which contained from five to ten times as much phos- 


phorus as calerum. Their caletum and phosphorus assimilation 


was followed during this period, and the calcium: assimilation was 
alwavs observed to be markedly deficient with respect to the 
phosphorus. At the end of the 5] dave they were changed to a 
“meat meal’ or skim milk ration with a comparatively high 


ealenum content. and it is under these circumstances that the p 


ratio becomes a little larger than the expected one. 

Four more cases in which the calenim assimilation was not 
deficient with respect to the phosphorus are those of Sawver, 
Baumann, and Stevens in their work on human beings. In this 
work, however, the phosphorus balances were negative throughout ; 
and the results, therefore, cannot be taken as representing any- 
thing approaching average conditions in growing human beings. 


O., Landw. Ver.-Stat., 1904-05, Ixi, 451. Kohler, A., Honcamp, F., and 
B., with collaborators, 


Isisenkolbe, P., 1907, Ixv, 349. Forbes, E. 

Ohio Agric. Exp. Station, Techn. Bull. 6, 1915. Forbes, EK. B., Beegle, F. 
lritz, M., and Mensching, J. Agric. Karp. Station, Bull. 
277,1914. Sawver, M., Baumann, L., and Stevens, F., J. Biol. Chem., 1918, 


103. 
2 Weiske, H., Landi. Jahrb., 1880, ix, 205. 


Neumann, J., J. Landw., 1893, xl, 545, 
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Out of the 136 individual experiments on growing animals, 
therefore, the ealetum intake is deficient with respect to the 
phosphorus in LIS; and of the eighteen which do not exhibit this 
peculiarity, two are open to grave suspicion of experimental error, 
six were carried out under conditions which quite unusually favored 
an excessive calenim intake, and four are of such nature that they 
cannot be regarded as representing growth at all. 

Of the remaiming six, two oecur in the work of Weiske. | Lambs 
were kept on a fairly uniform ration between the ages of 4 and 14 
months, and S dav balanee periods were run at intervals of about a 
month. Tt the conditions under which animals are put in balance 
experiments do not disturb calcium and phosphorus metabolism, 
this procedure ought certainhy to give a representative pieture ot 
the manner in which these clements are assimilated between the 
ages of fand months, in lambs. 

The whole experiment falls readily into two main periods. 
The first of these lasted a little more than 2 months, and mn it the 

ratio was a little larger than is to be expected. 

P assimilation | 
The second period includes the last re: months of the expernment 


asspmilation 


during which the ratio was decidedly smaller 


Po 
| 
than the expected one. The markedly low p ratios during the 


lust 75 months much more than compensate for the slightly high 
ones during the first 23 months: so that, if the figures were repre- 
sentative, the lambs’ bodies at the end of the experiment would 
have much less calcium in proportion to phosphorus 
than is normal, 

In view of the many chances of error to which balance experi- 
nents are subject, it seems to us remarkable that thev should 
agree so nearly universally in any particular: and we think that 
the results point unmistakably to the conclusion that caleium 
assimilation is interfered with by the conditions to which animals 
have been subjected In these expernnents. 

We have studied with mterest the experiments in which caleium 
and phosphorus metabolism have been followed in mature animals 
not subject to anv special demand for these clements, and = in 
mature milking animals. We do not think it worth while to give 
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any detailed discussion of the first of these classes of experiments. 
As was to have been expected, both calcium and phosphorus 
balances are sometimes positive and sometimes negative, but the 
figures are usually small, and there is no very marked general 
tendency tor either element to be gained or lost faster than the 
other. It does not seem to us that these results have any bearing, 
one way or the other, on the view which we have gaimed from our 
study of the results on growing animals. In mature animals 
which are neither pregnant nor lactating, the assimilative require- 
ments for caletum and phosphorus are small in comparison to those 
met by the voung animaland by the pregnant or lactating female; 
and it is not to be expected that the mildly unusual conditions 
which accompany a well conducted balance experiment could 
show themselves very definitely as a reduction in calcium assimi- 
lation’?! But the results which have been obtained from milking 
animals seem to us to lend strong support to the view that the 
conditions of balance expernments interfere with the absorption!® 
of caletum and to be incomprehensible on any other basis. 

We are familiar with experiments by three independent sets of 
Investigators, in which the calenun and phosphorus balances 
were followed in milking cows.':'® In two of these investigations, 
namely, those of Anger and Forbes, most of the cows were fed on 
What might be called normal average rations, and the results can 
be conveniently considered together. Both calcium and phos- 
pherus balances were generally negative, and the authors conclude 
that it is usual for milking cows to be taking these elements from 
their bodies in order to put them into the milk. 

It is natural to suppose that the caletum and phosphorus lost 
by the cows in Anger’s and in Forbes’ experiments came from the 
bones. The caletum must have come chiefly from the bones, for 


4 experiments of this kind have been carried out by Hofmeister, V., 
Landw, Ver.-Stat., S73, xvi, 543. Wellman, O., Arch. ges. Physiol., 1908S, 
Sherman, H. Gillett, L. Ho, and Pope, H. M., Biol. Chem., 
LOIS. xxxiv. B73. Sherman, tl. Wheeler, and Yates, JA. b., hid... 

© We think it better to use the word Vabsorption”’’ for milking animals, 
and to reserve the term ‘‘asstmulation’’ for the eases where the absorbed 
material is actually retained in the body. 

Anger, Inaugural dissertation, Bonn, ISOS. Hart, KE. B., Me- 
Collum, V., and Humphrey, G. C., Am. J. Physiol, 19909, xxiv, S6. 
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the caleium content of the mammalian soft tissues is so small that 
the subjects of these experiments often lost in 3 or 4 days more 
ealeium than is contained in the whole body of a cow outside of 


her bones and teeth. 

The = ratio in bone is about 2.15. But the average daily 
ealeium loss divided by the average daily phosphorus loss in 
Anger’s and in) Forbes’ experiments deviates largely from this 
ratio. In Anger’s experiments it is 12.28; and in the three sets of 
experiments reported by Forbes! it is 9.07, 213.00, and 3.62 respec- 
tively. The calcium loss is largely in excess of what it should be 
if the process is simply a wasting of bone tissue. 

The results are very difficult to reconcile with our results, which 
appear to show that pregnant cows readily absorb enough phos- 
phorus from their food to supply the growing embryo, but that 
they are usually compelled to supply calcium to their offspring 
from their own bones. As many cows are always either pregnant 
or milking, or both, through a large proportion of their lives, 
these results taken together would seem to point to the impossible 
conclusion that the normal mileh cow is constantly changing the 


= ratio of her body in the direction of more phosphorus and less 
calcium throughout the whole period of her useful life. 

The experiment of Hart, MeCollam, and Humiphreyv has been 
included in this discussion because of the very surprising nature 
of the conclusions to be drawn from it on the supposition that the 
calcium and phosphorus metabolism of cows is not disturbed by 
the collection of their exereta. A single milking cow was kept 
for consecutive davs on known rations low in calcium, and 
the exereta were collected during 25 days of this period so that 
the calcium and phosphorus balances could be followed. If it is 
siupposed that the results obtained in the collection periods can 
be apphed to the whole 110 days, it would follow that during this 
period the eow lost about 25 per cent of all the caletum contained 
in her body and remained very nearly in phosphorus equilibrium. 
We should have to suppose, therefore, either that the composition 
of her bones was profoundly altered, or that 25 per cent of the 
phosphorus lost from the bones along with the caletum was stored 


in the soft tissues. 
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Weiske'? has studied the bones of a milking goat whieh was 
kept for 50 days on a low ealetum ration. His results show that 
Ca 
is neghgible. And Hart, McCollum, and Fuller'® have furnished 
excellent evidence against the possibility of producing any con- 
siderable changes in the phosphorus content of the manimalian 
soft tissues. It seems to us, therefore, that the experiment. of 
Hart, MeCollum, and Humphrey'® can best be interpreted by 
supposing that their figures for caletum and phosphorus metab- 
olism during the collection periods are not representative for the 
whole 110 days of the experiment, and that in the intermediate 
periods the cow largely made up the marked caleium deficiency 


the change inthe |, ratio of the bones produced by this treatment 


produced during the collection periods. 

The situation may be summed up as follows. There is an 
apparent contradiction between the results obtained regarding 
the ealetum and phosphorus balances of growing animals and 
What is known regarding the ealeium and phosphorus content 
of the bodies of the same species of animals. There is a similar 
contradiction between results that have been obtained regarding 
the ealetum and phosphorus balances of milking animals, and 
results obtained from studving the bones of milking animals. 
Finally, the results which have been obtained regarding the 
ealcium and phosphorus balances of milking cows appear to be 
irreconcilable with those whieh have been obtained regarding 
those balances in cows toward the end of pregnancy. All these 
difficulties would be removed by making the assumption that the 
conditions to which animals have been subjected in balance experi- 
ments are likely to interfere with calctum absorption. 

We are the more ready to make this assumption, because it is 
in full agreement with recent striking scientific evidence in regard 
to the effects of emotional disturbance on the digestive processes. 
It has been shown by numerous investigators that comparatively 
mild disagreeable stimuli are capable of producing disturbances 
in the nervous system which may inhibit the secretion of the 


 Weiske, H., Z. Biol., 1871, vu, 179, 335. 
1S Hart, EK. B., MeCollum, EF. V., and Fuller, J. G., Univ. Wisconsin 
Agric. Erp. Station, Research Bull, 1, 1909. 
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digestive juices and the movements of the alimentary tract for 
considerable periods. A good review of the subject with references 
to the literature is given by Cannon.'® 


Our Own Evidence in Regard to Disturbance and Calevum 
Assimilation. 


Throughout our own experiments, two 4 day collection periods 
followed each other without any change at all in the experimental] 
routine; and in each case, except that of No. 66, the two collection 
periods followed a preliminary 10 day period without any change 
in routine except the introduction of the collection of urine and 
feces. If the collection of urine and feces produced no disturbance 
in metabolism, the metabolic behavior of the cows should have 
been the same in each case in the first of the 4+ day collection 
periods as in the immediately following one; and the same, as 
far as it was followed, in the preliminary periods as in the collee- 
tion periods. This was not the ease. 

It has been our experience that any slight change in the sur- 
roundings of a cow or disturbance of her habits is likely to cause 
a reduction in the amount of water which she will drink. The 
water taken by Nos. 51 and 63 in the collection periods, Mareh 
5 to LO, in the intermediate period, March 11 to 20, and in the 
collection periods, March 21 to 28, was followed (Table I]). Both 
cows took decidedly more water in the intermediate period than 
in anv of the collection periods. 

Much more evidence pointing in the same direction can be 
obtained by comparing the metabolic processes of the cows in the 
first collection periods and in the immediately succeeding ones. 
But, before discussing this evidence, it must be pointed out that 
certain accidents occurred in the course of the experiments which 
must be taken into account in interpreting the results. 

No..63 developed abrasions during the preliminary period, 
lebruary 17 to March 2, and refused to lie down during the first 
60 hours of the collection period, March 3 to 6. On the evening 
of March 5, she was provided with a softer bed, and there was 
no trouble after that. Further, No. 51 could not be used in 

‘9 Cannon, W. B., Bodily changes in pain, bunger, fear and rage, New 
York and London, 1915, Chapter I, 1-20. 
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the experiment after March 21; No. 66 was unexpectedly substi- 
tuted for her, and went through the two collection periods, March 
21 to 24 and 25 to 28, without any preliminary period in the experi- 
mental surroundings. In her case, therefore, the additional fac- 
tor of new surroundings was added to that of the mere collec- 
tion of urine and feces. 

Table I] shows that No. 51 drank more water from Mareh 3 to 
6 than from March 7 to 10: and No. 63, more from March 21 to 24 
than from March 25 to 28. These results suggest that the col- 
lection of urine and feces produced more disturbance during the 
second of the two consecutive 4 day collection periods than during 
the firstone. Itistrue that No. 63 drank more water from March 
7 to LO than from March 3 to 6: and No. 66. more from Mareh 
25 to 28 than from March 21 to 24.) But neither of these results 
is really out of harmony with the suggestion indicated above. 
In the ease of No. 63 an additional disturbing factor was intro- 
dueed during the period March 8 to 6 by the fact that the abra- 
sions Which had developed on her hips and shoulders prevented her 
from iving down. The case of No. 66,0n the other hand, may well 
be discarded from the discussion, for, in addition to the fact 
that she had had no preliminary period in the experimental stall, 
the water which she drank on March 21 could not be determined. 

The manner in which our cows took their water, therefore, 
suggests that a disturbance was produced by the collection of 
them urme and feces, which was cumulative for a considerable 
period and produced more marked effects in the second + davs of 
collection than in the first 4. This suggestion is strongly con- 
firmed by a study of the nitrogen, caleium, and phosphorus 
balances given in Table X. every case, except that of No. 65, 
Mareh 3 to 10, where the exceptional disturbance was accidentally 
introduced in the first 4 dawvs, the assimilation of all three clements 
occurred more rapidly in the first of the 4 day collection periods 
than in the immediately succeeding one. In the case of NO. 65, 
Mareh 3 to 10, the relations are reversed for all three elements. 

It seems surprising perhaps at first sight that assimilation was 
generally better in the first than in the second 4 day collection 
period. Tt might have been expected that the cows would be 
more accustomed to the collection of their excreta in the second 
period, and that ther assimilative processes would therefore 
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have been more nearly normal. But we can see no escape from 
the facts, and the circumstance that the relations are reversed 
in the ease of No. 63, March 3 to 10, seems to us decidedly to 
strengthen the case. Steenbock and Hart” have reported results 
Which show how persistent may be the tendency toward a neg- 
ative Caletum balance under the conditions of a balanee experi- 
ment, and how this tendeney may be overcome by a short period 
of relief from these conditions. 

Our results are in agreement with those of past experiments 
in showing that the assimilation of caletum: is more quickly and 
more profoundly affected by the experimental procedure than 
that of either phosphorus or nitrogen. It has already been 
pointed out that the phosphorus assimilation in Nos. 51 and 63 
was about enough on the average to supply the phosphorus 
needed by their growing unborn calves, but that the caleium 
assimilation was never sufficient for this in any single period. — It 
must be pointed out in addition that the fluctuations in caleium 
assimilation as between the first and second 4+ day periods were 
greater both relatively and absolutely im every case than the 
similar fluetuations for cither phosphorus or nitrogen. 


The Effects on Calerum, Phosphorus, and Nitrogen Assimilation 
of Feeding Sodium Phosphate and Alternating the Gracr 
and Hay Rations. 


For convenience the rations fed to No. 63, Mareh 3 to LO. and 
to No. 66, Mareh 21 to 28, will be called the “experimental 
rations,’ while the rations fed to No. 51, Mareh 3 to LO, and to 
No. 63, March 21 to 28, will be called the ‘control rations.” 

The results indicate that phosphorus assimilation is favored 
by feeding the experimental rations. Although it is clear from 
ecortain aspects of the results that phosphorus assimilation is 
interfered with by disturbance, and that the cows on the experi- 
mental rations were decidedly more disturbed than those on the 
control rations, nevertheless, the cows fed the experimental rations 
assimilated phosphorus uniformly more rapidly than the controls. 

In regard to calcium assimilation the results are not so consistent 
but on the whole they favor the view that this process also occurs 


20 Steenbock, H., and Hart, EF. B., J. Biol. Chem., 1913, xiv, 59. 
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more rapidly in the cows fed the experimental rations. It is true 
that the most rapid calcium assimilation occurs in the case of 
No. 51, March 5 to 10, on the control ration. But this cow was 
decidedly less disturbed by the experimental conditions than any 
of the others, and she was, in addition, the largest, the most 
robust, and the best milker of the three. All the other results 
are consistent in indicating that calcium assimilation occurs 
more rapidly during the experimental feeding. No. 63, for 
instance, was assimilating calcium more rapidly during the 
expernmental period, March 3 to 10, than during the control 
period, March 21 to 28, although she was much more disturbed 
by the experimental procedure during the first than during the 
second of these periods; and even No. 66, though she was not 
carrying a ealf, and was evidently much upset by the double 
disturbance of new surroundings and collection of her urine and 
feces during the period March 21 to 28, nevertheless, assimilated 
ealclum more rapidly on the experimental rations during this 
period than did No. 63 during the same period on the control 
rations. 

The results appear to indicate that the experimental feeding is 
unfavorable to nitrogen assimilation. But we have kept cows 
for long periods on the experimental rations, and have found 
that they gained weight at least as well and remained in at least 
as good general condition as others on the control rations (page 
471). We do not think, therefore, that the experimental rations 
are unfavorable to nitrogen assimilation, and we are inelined to 
attribute the reduced nitrogen assimilation of No. 63 on these 
rations to the facts that, when on these rations, she was at an 
earlier stage of pregnancy and more disturbed by the experimental 
procedure. That No. 66 should have assimilated nitrogen as 
faust as the other two cows is not to be expected, as she was not 
earrving a calf;and the fact that her nitrogen balance was positive 
at all indieates that the experimental feeding is not unfavorable 


{to nitrogen assimilation. 
Calerum and Phosphorus in Food, Blood, and Urine. 


In Table NIT we have brought together our results on urine 
and on blood plasma collected approximately simultaneously. 
The results there given indicate that there is a connection between 
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the phosphate feeding, the concentration of Inorganic phosphorus 
in the blood plasma, and the amount of phosphorus excreted in 
the urine. No. 63, for instance, during the period Mareh 3 to 
10, when she was fed phosphate, had an average concentration of 
about 0.0063 per cent phosphorus in her plasma and was excreting 
about O.SS gm. daily in her urine. During the period March 
21 to 28, when she received no phosphate, her plasma phosphorus 
dropped to 0.0052 per cent and her daily urinary phosphorus 
excretion to about one-ninth of what it was previously. No. 51, 
March 3 to LO, received no phosphate, had a plasma phosphorus 
of about 0.0056 per cent, and was excreting less than O.1 em. of 
phosphorus in her daily urine. 

(‘loser examination of the figures, however, shows that the 
urinary excretion of phosphorus does not depend entirely on the 
concentration of inorganic phosphorus in the plasma. No. 66, 
March 21 to 28, for instance, had a decidedly higher plasma phos- 
phorus than either No. 51, March 8 to 10, or No. 68, March 21 
to 28, and was, nevertheless, excreting less phosphorus in her daily 
urine. And aif the figures given for No. 63 for February 17, 
Mareh 3, and March 1! are examined, it will be found that there 
is an inverse relation between the plasma phosphorus and the 
daily urinary phosphorus excretion. 

We are inclined to suspect that these disturbances of the rela- 
tion between the concentrations of plasma phosphorus and urinary 
phosphorus were connected with differences in the acid-base 
equilibrium of our animals; but, in the present inadequate state 
of our knowledge, we do not think it worth while to discuss this 
matter further. 

We obtained wide variations in the amount of caletum excreted 
in the urine, in spite of the fact that all our cows at all times 
received about the same amount of caleium in their rations, and 
that there was little variation in the concentration of caleium in 
their blood plasma. In looking for an explanation for these 
variations, we have been struck by the fact that there is an inverse 
relation between the concentrations of urinary calcium and phos- 
phorus in our experiments, and we think that this circumstance 
has some significance. Bertram‘ and Riidel®! have reported 


Riidel, G., Arch. Erp. Path. u. Pharmacol., 1894, xxxiii, 79. 
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results which indicate a tendency toward inverse relationship 
between the ecaletum and phosphorus of mammalian urine, and 
it is of course impossible that an alkaline fluid sueh as average 
cow's urine could hold much calcium and phosphate in solution 
at the same time. 

Bat we do not think it worth while to diseuss the mechanism 
of these relationships at the present time. The chief value of the 
results which we are considering lies in the demonstration that the 
amount of excreted urine is largely independent of 
the concentration of calciumeih the blood plasma. 


SUMMARY. 


|. The separate collection of urine and feces by attendants, as 
practiced in balanee experiments on cows, produces a nervous 
disturbance in the animals which interferes markedly with the 
assimilation of calcium, and, to a less degree, with that of nitrogen 
and phosphorus. A critical examination of the results of balance 
experiments carried out in the past indicates that, in the great 
majority of instances, the experimental procedure has interfered 
with caletum assimilation. 

2. The assimilation of phosphorus by pregnant cows, and 
probably that of ealetum also, is favored by adding disodium 
phosphate to the grain and feeding the grain and hay of the ration 
on alternate davs., 

3. The urinary excretion of phosphorus is markedly influenced 
by the concentration of inorganic phosphorus in the blood plasma. 
But our results show that it is influenced also by another factor, 
which may be connected with the acid-base equilibrium of the 
body. 

4. In our experiments there has been an inverse relation bet ween 
the amounts of calcium and phosphorus excreted im the urine. 
But we have no doubt that this relation is easily disturbed by 
other influences, particularly the relation between the acids and 
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TABLE IL. 


Weights of Cows. 


No. 63. 
kg. 
475.6 
481.4 


ATO. 


=~ 
awe 


Date. 
1919 
Mer. IS 
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kg. 
S42 .6 


544.5 


NO 
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102.7 
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514.1 161.4 
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TABLE II. 


Water Drunk by Cows.* 


| No. 51. 


kg. 
20.41 


No. 63. | 


keg. 


19.50 


Date. 


1919 
Mar, 19 


kg. 


26.62 


16.19 5.10 21.65 20.01 


' 
| 20.95 | | 
21.60 17.55 | | | 

| 23:06 | 21:07 


Average.......} 
No. 66. | 


Mar, | | Undeter- 16.8 
| | mined, 


6.28 | 13.89 24.58 


Mar. 11 | Mar. 25 | 18.82 9 07 


| 21.04 20.04 | 2.02 17.97 
24.55 | 

| | | | 
| 


19.67 


“The water supplied to the cows was tap water. Samples of it were 
analyzed for ealetum and phosphorus, and it was found to contain 0.9 
mg. of ealeium per liter, and only a trace of phosphorus. The phosphorus 
content sas certainly less than 0.005 mg. per liter. As mone of the cows 
ever took ss much as 80 liters of water in a day, the ealeium and phos- 
phorus whieh they got from the water may be disregarded in calculating 
the balances. 

+ No. 66 had free access to a water trough during the early morning 
of March 21, and in the afternoon she drank 10.55 kg. of water. 

t Average ealeulated from water drunk during last 3 days of test. 
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TABLE III. 


Feed Offered to Cows.* 


No. 51. No. 63 
without | Alfalfa Corn 
phosphate. t | phosphate.} 
1919 gm, | gm. gm, gm gm, gm. 
Feb. 17 1,361 | 1,814 13,608 3,028 15,6008 
“ 18 1,361 1814 | 13,608 | 2,722 0 13,608 
1361 1,814 13,608 5,028 13,608 
1,361 1,814 | 13,608 | 2,722 Q 13,608 
Same till Mar. 1. Same till Mar. 1. fy 
Mar. 1 1,361 | 13,608 {) O28 | 5,445 
4 1,361 15,608 | 0 10,886 
1,361 13,608 0} 3,628 | 10,886 
Same till Mar. 11 Same till Mar. IL: 
Date. with | without | 
1919 gm, | gm. | gm. gm. gm. gm 
Mar. I! 0 | 3,628 | 13,608 1361 1 Sid 10,886 
j 
Same till Mar. 21. Same till Mar. 21. 
No. 66. No. 63. 
1919 gm. gm. gm. gm. gm. gm. 
Mar. 2] 0; 3,628 15,608 1,061 1814) 10,886 
« 2 2,722 | 0} 10,886 | 1,361 | 1,814 | 10,886 
| 3,028 10,886 1361 | 1,S14 LO.SS6 
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| Same till Mar. 29. | 


Same till Mar. 29. 


*From Jan. 31 to Feb. 16 inclusive No. 51 had received the same ration 
as that given Feb. 17 to Mar. 11; No. 63, from Feb. 3 to 16, the same as 
from Feb. 17 to 28; No. 66, from Dec. 18, 1917, to Mar. 20, 1919, inclusive, 
the same as from Mar. 21 to 28, except that throughout the earlier period 
All three cows had eaten satisfactorily 


her daily silage was 13,608. 


the rations they received before being put on the experiment. 


* Grain without phosphate composed of 50 parts of corn and cob meal, 
40 parts of wheat bran, 20 parts of cottonseed meal, and 1 part of NaCl. 

f Grain with phosphate composed of 50 parts of corn and cob meal, 40 
parts of wheat bran, 20 parts of cottonseed meal, Ll part of NaCl, and 10 
parts of NaoHPO, with about 9 molecules of water of crystallization 
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TABLE IV. 
Feed Refused by Cows; Totals for Periods.* 


s Period. No. 51. No. 63 

1919 

Feb. 17-Mar. 2 0 Approximately 900 gm. of 

Hl | grain, lOO gm. of hay, 

4,000 gm. of silage. 

| Mar. 3-6 | 0) 6,237 gm. of a mixture of hay 

and silage. 

| mixture of hay and 

i | silage. 
41-20 0) Negligible quantities; not | 
| weighed. 
a No. 66. No. 63. 
Mar. 21-24 Approximately 3,000 gm. Approximately 300 gm. of a 

3 of pieces of cob and stem. — mixture of hay and silage. 

25-28 Approximately 2,500 gm. Approximately 1,200 gm. of 

tf of pieces of cob and stem, a mixture of hay and 

silage, 

4 *The feed refused was, in most cases, dried without being weighed, 

i There was no object in obtaining its moisture content as it had always Iain 

: for some time in the manger, and contained, therefore, a different amount 

4 of moisture from the feed originally offered. The dried refused feed was 

4 weighed and analyzed for nitrogen, ealeium, and phosphorus (Table V1 

a The figures give a fairly aecurate idea of the proportions of grain, hay, 

and silage contained in the various samples of feed refused. 
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Nitrogen, Calcium, and Phosphorus in Feed Refused. 
of Elements in Daily Average Quantities of Feed Refused. 
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7-10... 

21-24 

25-2! 
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Feed. 


TABLE V. 


Water. Nitrogen. Calcium. 


17.59 
| 13.84 
16.73 
66.91 
69.21 


per cent 


| 69.98 
| 67.45 | 


Composition of Materials Fed, 


per cent | per cent 
2.1086 0.0659 
2.1837. 0.0707 
1.8754 1.5108 
0.3951 0.10385 
0.5400 0.0926 
0.3321 | 0.1001 
0.3102 


TABLE VI. 


0.1037 
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Phos- 
phorus. 


per cent 
1.4727 
0. 7007 
0.2158 
0.0753 


0.0650 


0.0671 
0.0686 


Absolute Quantities 


Cow 


Mar. 


Period. 


1919 


| Nitrogen. 


2.71 
+ 


gm. 


8.99 |: 


gm. 
4975 
O96: 

0.3566 
1. 4264 


— We 


0.7559 
6218 


Phos- 
phorus. 


gm. 
1.5328 
0. 4866 
0.0991 
0.3002 
OS19 
0.5770 
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Period. 


1919 


Mar. 3-6.... 


Mar. 21-24....... 


Period. 


Mar. 3-6. 
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TABLE VIIL. 


c om position of Moist Feces. 


Cal- 


Water. 
| at en, chum, 


No. 63. 


Nitro-| Cal- | Phos- 


Water 
gen, cium. phorus. 


per cent per cent per cent per ce nt per cent per cent per cent per cent 


66. 


| 83.840. 314102 139310. 


| 85.860. 2. 50.0. 20570 0. L178 SO. 45/0. 20). 2200 0. 1S20 
3095 0. 2438 0.1390 2912.0. 1925 0. 1560 


No. 63. 


86.19.0.2921 0. 2017 0. 1004 


82.66.0.3 3608 0.3043 0.2436 85.910. 28390. 1984.0. 1017 


TABLE IX. 


Composition of Urine. 


No. 63. 


Specific Nitro- Cal-  Phos- 


No. 51. 

‘Specific Nitro- Cal- Phos- 


gravity. gen. phorus 


per cent per cent per cent 


1.037 1.0824 0.0183 0.0019 
1.035.0.9928 0, OIS30. OO16 


No. 66. 


1.042. 0. 0. 0020 


O45 1 4203 0.00900. 0021 


gravity. gen. chum. 


per cent per cent Per ce nt 


1.038 1.0832 0.0007 0. 0208 
1.038 1.31960. 0. 


1.037 1. 0789.0. 0016.0. OO32 
1. 036.0. 9352 0. 3.0. ). 0031 
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Average Daily Intake, Output, and Balance of Nitrogen, Calcium, and 


Cow No. 


66 


6.3 


63 


Mar, 21-24 


TABLE X. 


Phosphorus. 


Phosphorus and Calcium Metabolism 


| 


Period. 


| 
| Mar. 7-10 
| 


Mar. 3-4 


Mar. 7-10 | 


Mar. 21-24 


Mar. 25-28 


Mar. 25-28 


Nitrogen. 


Food. 
Feces. 
Urine. 
Balance. 


Calcium. 


Food. 


Feces. 
Urine. 
Balance. 


gm. 
34.43 
O.SS 
+3.50 


Phosphorus. 


Food. 
Feces. 
Urine. 


gm. 
25.39 
19.91 
0.09 
+3.39 


Balance. 


30.30 
0.94 
+1.09 


32.42 
31.48 

0.08 
+0.91 


51.04 | 


35.47 

29.99 

0.50 
44.98 


| 


22.27 
20.13 
0.08 
2.06 


IS.45 
0.10 
+1.94 


| 
| 
| 
i | | 
1919 gm. | | 
i 117.50 | | 
51 Mar. 3-6 19.87 | 
110.01 
14.04 
4 96.66 | | 30.37 
|_| | 15.906 | 26.04 
| 16.72 | 0.90 
3.98 +3.43 
4 97 29 33.63 30.51 
63 1S. 34 $1.95 | 25.89 
| 43.68 | Q.S7 
| 45.27 | 41.65 | 48.75 
4 | 36 | 30.99 
4 66 3.12 23.57 
| 0.08 
! | +420 | +7.34 
| | 35.32 30.85 
= 37.29 | 29.85 
| 52.75 0.33 0.0S 
| | —2.35 +0. 92 | 
20 35.27 20.61 
36.24 0.05 0.11 
-16.19 +2.93 | 
04.76 34.59 | 20.49 
| = 51.49 35.98 
30.62 0.04 
+12.65 
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TABLE XI. 


Composition of Blood Samples. 


Plasma. 


| per 100 gm. | 
100 gm. caleu-— 
| lated. gm. 


| 
1919 mg. vol. Per!) ng | 


Feb. 17 
AY Mar. 3 
ll 


mg. mg. 


5.0 Not determined. 


ae 


9.5 
Feb. 17 18.3 | 38.9 | 12.3 
Mar. 3 18.2 
63 17. 


* 


i 


| 
© 
— 
to 


Not determined. 


te 


— 
| 
ur 


punt 

| 


Ci & 


42.6 10.3 


* 
“ 
cr 


| | | 
| Mar. 21 40.4; 11.9} 5.9) 10.1 
| “ @ 17.90) 4.8) 12.1) 6.0; 9.7 
*Lipoid phosphorus calculated by subtracting inorganic from total 
(Meigs, k. B., Blatherwick, N. R., and Cary, C. A., J. Biol. Chem., 1919, 
KXXVii, 10-17). 
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| | 
Total Blood Phosphorus. 4 
Cow No. Date. per 100 corpus- i 
Inor- Calcium per 100 gm. 
| 
. 
| | 
| 
7 
| 3° 
| 
| 
| 
| 
| 
3 
| 
4 
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TABLE XII. 


oC Calevum and Phosphorus in Urine and Blood Plasma." 


Plasma. 
Cow No. Date. Inor- 
ganic 
Calcium. | Caleium, 
phos- | 
| phorus. 
1919 per cent per cent per cent 


Reb. 17 Not deter-0. 0050 Not deter- 0.0017 Not 
| mined, 
| 


O.S755 0.0907 


| | mined. | mined. 
* “0.0058 0.0183 
0.0095 0.00: 0.0183 


mined. | mined. 

Mar. 3/| “ “ 0.0062 0.0007 

63 | “ 1 | 0.0097 |0.0065 0.0009 
0.0096 0.0052 0.0016 


“ 0.0095 0.00530. 


66. Mar.21 0.0101 0.0059 0.0121 
“29 0.0097 0.0060 0.0090 


Keb. 17 Not ter-\0. OO71 Not 0. 0099 Not 


Urine. 
Daily 
Phos- Daily calcium: 
phorus.) excretion. 
excre- 
tion. 
per cent gm. gm. 
deter-0. 0689 


0.0019 


0. 0016 0.9425 0 O18 


0. 3817 


| mined, 


0. 0020 0. 5000 


0.0208 0.0303 0.8979 
0.0263 0.0293 (0.8706 
0.0082 0.0543 0.1098 
0. 0031 0.042: 


0. 1006 


0. OS27 


| 


0. 0021 0.3340 0.0774 


*In this table the concentrations of calcium and phosphorus in the 


blood plasma are taken as corresponding to the concentrations in the urine 
of the nearest collection period. For instance, the plasma obtained Mar. 


3 is taken as corresponding to the urine collected in the period Mar. 3-6; 


the plasma obtained Mar. 11, to the urine collected Mar. 7-10; and so on. 


On Feb. 17, IS hour samples of urine were specially collected to compare 


with the blood samples obtained on that date. 
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FAT-SOLUBLE VITAMINE.* 


11. THE FAT-SOLUBLE VITAMINE CONTENT OF ROOTS, 
TOGETHER WITH SOME OBSERVATIONS ON THEIR 
WATER-SOLUBLE VITAMINE CONTENT. 


By H. STEENBOCK anp E. G. GROSS. 
THe Cooperation oF M. T. SEtt. 


(From the Laboratory of Agricultural Chemistry, University of Wisconsin, 
Madison.) 


PLATE 1. 


(Received for publication, October 24, 1919.) 


In the evolution of the modern conception of the dietary needs 
of the body there has come an appreciation of the significance of 
small amounts of those indispensable nutritive factors known as 
Vitamines; but unfortunately with this appreciation there has 
been aroused much apprehension in the minds of many in 
regard to the wisdom of omitting certain foods from the human 
diet for fear of unknowingly reducing the vitamine content of 
the diet to dangerous limits. While it is not intended to depre- 
cate the value of discretion in the selection of the ingredients 
of the diet. for reasons other than satisfying the requirements of 
palatability, good proteins, and mineral elements, it is deemed 
rather unfortunate that conclusions should have been hastily 
drawn and promiscuously applied after only a limited survey of 
the dietary properties of our naturally occurring foods had been 
made, and especially when such were made with animals about 
which we have no information as to their requirements when 
compared with those of man. Taking into consideration the 
apparent limitations imposed on methods of experimental inquiry 
now in use, what seems most desirable above all else—after the 
development of sufficient theory to serve as a suitable working 
hbasis——is the accumulation of sufficient data which may give an 
insight into the specific comparative nutritive properties of dif- 


* Published with the permission of the Director of the Wisconsin Agri- 
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ferent foods. Such information seems especially called for by 
the great interest shown by dietitians in the occurrence and 
stability of the vitamines. 

It is now generally recognized that of the substances which 
are collectively known as vitamines there are three distinct kinds; 
namely, the water-soluble or antineuritic vitamine, the fat- 
soluble or antixerophthalmic vitamine, and the antiscorbutic 
vitamine. In the present series of papers it is planned to confine 
the discussion to the fat-soluble vitamine, but incidentally certain 
points of interest in connection with the water-soluble vitamine 
will be mentioned, especially with reference to the determination 
of the amount present so that it could not possibly be a limiting 
factor in the performance of the animals on any of the rations 
which it was desired to test for the relative fat-soluble vitamine 
content. Various phases of the water-soluble vitamine question 
will be published in another connection. 

The specific growth-promoting property which is now asso- 
ciated with the occurrence of the fat-soluble vitamine was first 
dissected from different factors, though functioning in a similar 
capacity, when McCollum and Davis! in 1913, in a study of the 
value of different salt mixtures, observed that in a synthetic 
ration an ether extract of butter or egg volk bad a stimulating 
action on growth which was not possessed by other fats such 
as lard or olive oil. Very shortly thereafter Osborne and Men- 
de? published experiments, some of them of 180 days duration, 
where it was pointed out that their milk rations had special 
dietary properties not found in their milk-free rations and that 
this characteristic seemed to be true of rations carrying an 
equivalent amount of butter as well. Later® they demonstrated 
in very conclusive experiments, more so than any published up 
to that time. that this property resided in the butter fat. Fur- 
thermore, they substantiated McCollum and Davis’ observation 
that egg yolk fat was efficient in this respect and added that 
“some other oils’? were no more efficient than lard. In 1914 


Osborne and Mendel* reported 


' MeCollum, E. V., and Davis, M., J. Biol. Chem., 1913, xv, 167. 
> Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1913, xv, 311. 
‘Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1913-14, xvi, 423. 


‘Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1914, xvii, 402. 
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“We have likewise obtained uniform success by substituting cod liver 
oil for a portion of the lard in our standard diets. . . . . In contrast 
with this are the uniformly observed failures of almond oil to restore 
growth when it had ceased on the usual lard food mixtures.” 


It is not intended to give here a résumé of the findings of 
others with respect to the occurrence of the fat-soluble vitamine 
in fats, grains, leaves, and other food materials, as that has already 
been done in a most excellent manner by Osborne and Mendel? 
and by Emmett and Luros,® nor do we intend to comment 
extensively as to the merits of the recorded observations. — It is, 
however, safe to venture that the time Is not vet ripe to warrant 
general classification of foods into groups rich, poor, and free 
from fat-soluble vitamine as general methods of experimenta- 
tion, especially in reference to vitamine content of the basal 
food ingredients, period of observation, and control of experi- 
mental animals, differ so greatly in different laboratories that 
the conclusions of the different observers are hardly comparable. 
Furthermore, there is much reason to believe, as will be brought 
out in later papers, that the variation in the fat-soluble vitamine 
content of naturally occurring food materials, even when har- 
vested at the same stage of development, is tremendous. No 
doubt there lies here the foundation for many interesting corre- 
lations in the functional réle of specific substances in both plant 
and animal kingdoms, the significance of which can scarcely be 
predicted. 

One correlation that has been advanced is an apparent attempt 
to associate a richness in vitamine content with the occurrence 
of a preponderance of actively functioning cells.?7 This dedue- 
tion would seem to be based on a recognition of the great indis- 
pensibility of the vitamines for growth and an assumption that 
the vitamines are equally indispensable in individual physio- 
logical processes, none the less active, but of a highly specialized 
character. Suffice it to say that as nothing of the specific 
internal réle of vitamines is known outside of the pharmaco- 
logical findings of Uhlmann,’ who, however, worked with extracts 


> Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1917, xxxu, 309. 
* Emmet, A. D., and Luros, G. O., J. Biol. Chem., 1919, xxxvin, 441. 
’MeCollum, V., J. Home Econ., 1918S, x, 195. 

> Uhimann, F., Z. Brol., 1917-18, Ixvin, 419, 457. 
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of very complex character, such generalizations appear gratuitous. 
In this connection a high vitamine content of liver tissue, instead 
of being due to or associated with its activity as a glandular 
organ, might with equal propriety be assumed on the basis of its 
well known functions as a storage organ, or might possibly be 
attributed to the absorption of substances not indispensable to 
the organ but absorbed due to an inefficiency of the mechanism 
which excludes the entrance of substances in amounts greater 
than the needs as these substances are brought to it in the portal 
circulation. Similarly, the high vitamine content of the kidney 
may be said to be due to the temporary retention of the vita- 
mines as unutilizable amounts of them found in the ration are 
eliminated, 

One thing appears reasonably certain: In the plant kingdom 
the occurrence of the vitamine cannot always be associated with 
a preponderance of actively functioning cells as distinguished from 
those that serve primarily as storage organs. This is brought 
out in an analysis of our data on the occurrence of the fat-soluble 
Vitamine in tubers and roots even though all must be considered 
storage organs for those constituents that are needed by the 
growing plant in the following season.’ The sweet potato, as an 
example of the tuber, is rich in this vitamine, while the rutabag: 
and the potato contain relatively little of this constituent. 
Similarly, among the roots carrots contain much of it as has been 
suggested by the work of Denton and Kohman,'’ while mangels 
and sugar beets are poor in it. Results will be discussed in 
further detail under the various following experimental headings. 


EXPERIMENTAL, 


The relative amounts of vitamine present in the tubers and 
roots were determined by incorporating various percentages of 
them ina basal rat ration which already satisfied all other nutri- 
tive requirements, and which was as free from the vitamines as 
ordinary methods of laboratory manipulation could produce them. 
We have repeatedly demonstrated that the basal constituents of 
our rations were too poor in vitamines to influence in any way 


* Steenbock, H., Science, 1918, xlvil, 119. 
'° Denton, M. C., and Kohman, E., J. Biol. Chem., 1918, xxxvi, 249. 


L 

hag 
3 
he 

4 
pat 
4 
3h 
| 


are 
Fy 


H. Steenboek and KE. G. Gross 505 


the conclusions at which we have arrived, but on the other hand 
we make no claim that very small amounts of some vitamines 
may still not have been present and thus may have influenced 
in degree—though not in character—failure in maintenance, 
growth, reproduction, and rearing of the young as indicated 
by the experimental rats. This will readily be appreciated on 
inspection of the charts in the various groups. When failure in 
growth or maintenance resulted and this was suspected as being 
due to a vitamine deficiency this was often incontrovertiblv 
established by adding additional water or fat-soluble vitamine 
and noting the result. The water-soluble vitamine was added in 
the form of an alcoholic extract of ether-extracted wheat embryo 
evaporated on dextrin, while the fat-soluble vitamine was added 
as found in butter fat obtained by melting and filtering butter 
fat at a low temperature. The dextrin used was partially dex- 
trinized corn-starch prepared by heating the starch with 0.1 per 
cent citric acid solution in an autoclave for a number of hours and 
then drying and grinding it. The casein was prepared from 
commercial casein by washing it repeatedly with distilled water 
acidified with acetic acid for an entire week and then drying and 
pulverizing it. Salts were incorporated in the rations in the 
form of artificial salt mixtures prepared from purified reagents." 


The salt mixtures used had the following composition,— 
Salt 35: 


Salt 1: : 
MgsQ, (anhydrous). 
Salt 32: 

Nae HPO 3 | ... 


+ 
Ba 
4 
ot 
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When these experiments were initiated no data on the heat 
stability of the fat-soluble vitamine as found in plant materials 
were available. From the work of McCollum and Davis who 
showed that this vitamine was still contained in the yolk of 
hard boiled eggs? and from the work of Osborne and Mendel 
on the stability of the vitamine in butter fat the idea was 
generally prevalent that this vitamine was thermostable. We 
did not find this conclusion generally acceptable after we had 
demonstrated to our satisfaction that though the reaction is one 
of slow velocity the fat-soluble vitamine in butter fat is de- 
stroyed by heat. It might be mentioned that this observation 
has since been substantiated by Drummond.'® As in the ma- 
terials that we used, the vitamines are in contact with many 
different compounds and as no data on the stability of the vita- 
mine under these conditions were available we were forced to 
adopt the procedure of carrying out all our drying operations 
at a low temperature wherever possible as the roots had to be 
dried for comminution and introduction into the ration. Usually 
the roots were dried at room temperature in an air current and 
later over anhydrous calcium chloride. In isolated instances, as 
later noted, it was necessary to use higher temperatures and in 
some instances it was even found necessary to cook the roots to 
make them digestible. Later on as our experiments progressed 
we found that the fat-soluble vitamine as found in plant ma- 
terials was very stable to heat'® so that we were able to allow 
ourselves more leeway in the variety of treatments to which the 
materials were subjected. Variations from the regular procedure 
are noted and discussed under the various experimental groups. 


Fat-Soluble Vitamine in Carrots. 


The roots were washed free from all extraneous material and 
then pulped on a power beet rasp. In this condition they dried 
readily in an air current at room temperature. ‘To secure fine 


McCollum, V., and Davis, M., Proce. Soc. Exp. Biol. and Med., 
1913-14, xa, 101. 

Ss Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1915, xx, dS1. 

‘4 Steenbock, H., Boutwell, P. W., and Went, H. J. Biol. Chem., 190s, 
XXXV, Ol@. 

Le Drummond, J. C., Brochem. J., 1919, xin, SI. 


is | Tnpublished data. 


9 
5 ¢ 
> 
a3 
1% 
is 
a5 
4 
2 
= 


5 


ay 


H. Steenbock and G. Gross 


comminution they were often dried over calcium chloride for a 
few davs after which they could readily be ground to an im- 
palpable powder in a ball mill. Usually, however, grinding in 


an Excelsior mill was sufficient to pulverize the pulp to a degree’ 


which prevented any picking out of the ration by the experi- 
mental animals. With the high sugar content of carrots good 
consumption of a high percentage carrot ration was generally 
secured. ‘They were fed at levels of 5, 10, 15, 25, and 60 per cent 
with and without water-soluble and fat-soluble vitamine additions. 


‘Chart 1, Lot 143:- 
5% of dried carrots does not furnish enough water-soluble vitamine, nor 


enough fat-soluble vitamine for growth. 
Gm. 
dextyin carryi th¢ alcdholidq ext#act 
ryo Senladed part of the 


160 


o 


120 


~ 


Cnarr il. As seen in the chart when a ration satisfactory in all other 
respects is dependent for its vitamine content on 5 per cent of dried carrots 


there results partial failure in the growth performance which ts not entirely 
corrected by an addition of water-soluble vitamine in the form of an 
alcoholic extract of ether-extracted wheat embryo. This indicates that 
this amount of dried carrots does not furnisha sufficieney of either the 
water or the fat-soluble vitamine. Rat 652 had an attack of xerophthalmia 
after having been on the ration 6 weeks. It was, however, but a mild 
attack as later during its 12th week its eyes were in good condition. At 
this time and for 3 weeks previously it was losing weight rapidly which 
appeared to be caused by the insufficieney of water-soluble vitamine as it 
succumbed to an acute attack of polyneuritis. Rat 653 was blinded by 
xerophthalmia at the end of the 10th week, but no irreparable damage 
was done by the acute inflammation and 2 weeks later its eyes were entirely 
normal. We have in this lot an instance where presence of a subnormal 
amount of one vitamine was apparently brought to light by a similar 
situation with respect to another vitamine. When the deficiency of the 
water-soluble vitamine was corrected the amount of fat-soluble vitamine 
originally present was able to allow some further growth to result. This 
statement can be made on the basis of results brought out later (Charts 8 
to 34) which indicate that the amount of fat-soluble vitamine introduced 
with the water-soluble vitamine could not have been responsible for the 
temporary response when this was added. It brings out one of the in- 
numerable instances where a tendeney to one nutritive deficiency heightens 
the susceptibility and results in the onset of symptoms resulting fromm 
similar or other unfavorable environmental conditions. 
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art 2, Lot 164:- | 
S£ of carrots supplemented with fat-soluble vitamine in butter fat was 


no better for growth than without it; water-soluble vitamine was the pri- 
ry deficiency. 


extriin carryi thd alcgholia extrmct 
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Carr 2. In this lot when the ration was already fortified with ad- 
ditional fat-soluble vitamine in the form of butter fat, while the growth 
performance was not any better than without this addition, the augmented 
rapidity of growth was remarkable when additional water-soluble vitamine 
was added as indicated in Chart 1. This shows—what had been surmised 
—that the primary vitamine deficiency in a ration carrying only 5 per 
cent of dried carrots is due to an insufficiency of the water-soluble vitamine. 


ar 162:- 
10% of carrote apparently furnished enough water-soluble vitamine as 
there wae no response in growth on adding more. 


Gm, Period B:-+ | 

10 20jgrams of dextr{n cafrying the B 
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Carr 3. It appears that a ration carrying 10 per cent of dried carrots 
contains enough water-soluble vitamine to allow considerable growth. 
This is inferred from the fact that in this lot no response in augmented 
rapidity of growth resulted when more water-soluble vitamine was added 
when it was established that even in a ration carrying 5 per cent of carrots 
Growth here too was 


the primary deficiency was one of this vitamuine. 
far from normal, but as the animals remained in fine condition during 
the 20 weeks of experimentation it may be taken as another instance where 
a ration may not be glaringly deficient in any one dietary factor, but still 
a suboptimal content of a number of dietetically indispensable constituents 
nay still prevent growth from proceeding at the normal rate. 
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r 
15% of carrots furnishes approximately a sufficiency of both the fat-and 
ter-soluble vitamines for growth. 
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CuHarr 4. On a ration containing 15 per cent of carrots as the sole 
source of vitarmines, rats are able to continue their growth to maturity at 
a rate slightly below that possible on our basal ration when suitably sup- 
plemented. Rat 4386, after the ration had been supplemented with an 
additional amount of the fat-soluble vitamine, which had no apparent 
effect on growth, produced a litter of five young. While normal in 
weight—they weighed 25 gm.—they failed to be nourishetl by the mother 
rat and soon succumbed. An individual failure of this kind has, how- 
ever, no special significance as regards reproduction. 


When 15% of carrots was supplemented with additional water-soluble 
vitamine growth generelly was not improved and young were successfully 
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Cuarr 5. 15 per cent of carrots when supplemented with an additional 
amount of the water-soluble vitamine did not, with one exception, induce 
any better growth than when not so supplemented (Chart 3). Rats 1074 
and 1075 were decidedly stunted. They gave the impression of being 
shorter in body length than their weight would normally call for. We 
have never seen this effeet occur in rats where mormal growth was dis- 
turbed by a lack of vitamines in the diet, but it is a common occurrence 
where stunting has resulted from digestive disturbances. That the poor 
growth performance of these animals was not due to a vitamine deficieney 
is distinetly indicated by the fact that Rats 1073 and 1075 reared five out 


4 


Chart Lot 268:- 
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of the ten young that they produced. In our experience, the quantity of 
vitamines required by the rat for normal milk production is considerably 
greater than that necessary for normal growth. The young reared were, 
however, far from being normal as they did not attain an average weight 
of 45 gm. until they were 55 days old; normally in our stock this weight 
is attained in less than half that time. When weaned, some of the young 
were very much bloated which gave us our first evidence that the analysis, 
attributing the cause of the small size of Rats 1074 and 1075 to digestive 
disturbances rather than to a vitamine deficiency, was probably correct. 


When 15% of carrots was supplemented with fat-soluble vitamine growth was 
somewhat improved (palatibility?) and young were successfully reared. 
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Cuartr 6. Lot 157 offers additional evidence to that already brought 
out in Lot 268, Chart 5, that 15 per cent of carrots introduces enough 
water-soluble vitamine into the diet for normal growth requirements and 
even for the rearing of some young. In fact there must have been a con- 
siderable excess for growth otherwise young could not have been reared 
as conditions in the tract could not be considered normal, ‘To a certain 
extent, growth in this lot is better than in Lot 268 where butter fat was 
not added and water-soluble vitamine was added instead, but it is not 
pronounced enough to be given special significance. 

As in Lot 268 young were reared although only two out of the seven and 
that at approximately the same subnormal rate, the two together weigh- 
ing only 111 gm. when 56 days old. In the light of this it is certain that the 
retarded development of the young was not caused by an insufficiency of 
the fat-soluble vitamine. Furthermore, in none of the animals was 
there ever any indication of xerophthalmia. 


| Chart Lot_157:- 
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Chart 7, Lot 
25% ef carrots induced variable growth responses due to resultant 


digestive disturbances in some animals. 


4 


Cuart 7. As already indicated by the results pictured in Charts 5 
and 6 a high content of carrots in the ration is liable to cause digestive 
disturbances and as a result of difference in the power of resistance to these 
disturbances there is considerable variation in the growth performance of 
different animals. When the amount of carrots is increased to 25 per 
cent these differences become still more marked as the disturbances are 
aggravated so that tympanites was regularly observed. 

It is to be noted that the results obtained on these carrot rations even 
when carrying but a low percentage of carrots were never entirely satis- 
factory from the standpoint of normal nutrition. When the carrot con- 
tent was too low, the vitamine deficiency would become evident, and if 
too high or even just high enough for the proper vitamine relations, the 
large amount of fermentable but indigestible carbohydrate introduced 
into the ration would cause digestive disturbances and the resultant 
marked interference with normal growth. For this reason it was not 
considered advisable to introduce more than 25 per cent of carrots into 
the ration. In one case where as much as 60 per cent of carrots was fed 
diarrhea and tympanites always resulted and rendered the results difficult 
of interpretation, 

By adopting such a low level of carrots in the diet that the disturbing 
effects were minimized, we were able to demonstrate that carrots are 
remarkably rich in the fat-soluble vitamine. In spite of growth not 
being entirely satisfactory, this is the only conelusion that ean be arrived 
at in view of our findings that on as low a level as 15 per cent of carrots 
as the sole source of the fat-soluble vitamine female rats are able to raise 
their young without any indications of a deficiency. 


— 


q 
j 
; 


hart 6, Lot 615:- 
The watcr-soluble vitamine preparations from wheat embryo do not carry 
any appreciable amount of the fat-solutle vitamine. 


carried the alcoholic extract 


Cuart 8. In experiments where additional water-soluble vitamine 
was added the amount of fat-soluble vitamine added with it was extremely 
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small as brought out by the growth performance of Rats 2456 and 2459 
where they received almost three times as much of the preparation as any 
of the other experimental groups. In this group Rat 2458 died from 
xerophthalmia and Rats 2456and 2459 both had inflamed eves.at the time of 
their death. It is not necessary therefore to make any reservations in 
the conclusions so far drawn with respect to the amounts of fat-soluble 
vitamine present in those rations where water-soluble vitamine had also 
been added. 


From our data and from what is known of their antiscorbutic 
properties it appears that the practice of feeding carrots in lieu 
of green materials in vogue by many small animal breeders is 
dietetically justified from the vitamine standpoint alone. It is 
also possible that herein les experimental justification for the use 
of carrot juice as an adjuvant to the boiled milk diet of children. 


Fat-Soluble Vitamine tn Swedes or Rutabagas. 


The roots used in these experiments were of a pale vellow color 
and of excellent quality. They were washed, pulped, and then 
dricd in an air current at room temperature and subsequently 
over caletum chloride to facilitate their comminution in our mull- 
ing apparatus. When fed, exposure to the air and light had 
bleached them until they were almost void of all yellow color. 


Chart 9, Lot 186l:- 
15% of rutabages carries plenty of the water-soluble vitemine not only for 


growth but even for the rearing of young. 
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Carr 9. As it is always necessary to insure a sufficiency of all the 
dietary requirements outside of the unknown which it is desired to deter- 
mine, a diet containing 15 per cent of rutabagas suitably supplemented 
with casein and salts was also supplemented with a sufficiency of the fat- 
soluble vitamine as found in butter fat to allow determination of the 
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amount of water-soluble vitamine present. As is seen in the chart, 
growth was practically normal, furthermore Rat 725 reared her second 
litter of young to weaning. Their growth was not entirely normal, vet 
they averaged 42 gm. in weight when 35 days old which speaks well for the 
nutritive sufficieney of the ration. All the rats were in good condition at 
the time of termination of the experiment, 24 weeks after its inauguration. 


Chart 10, Lot 184:- 
15% of rutebagae doee not carry sufficient fat-soluble vitamine for growth. 
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Cuarr 10. With a sufficiency of the water-soluble vitamine in 15 per 
cent of rutabagas established (Chart 9), it was comparatively an easy 
matter to determine its relative fat-soluble vitamine content. Unlike 
carrots (Chart 4) 15 per cent of rutabagas as the sole source of the fat- 
soluble vitamine leads to early indications of its deficrenev. Rat 735 
became afflicted with xerophthalmia which ultimately, after 12) weeks, 
was the rmmediate cause of its death. Rat 737 likewise contracted xeroph- 
thalmia, but on the addition of fat-soluble vitamine in the form of 
butter fat, the inflammation disappeared rapidly so that no further signs of 
it were noted during the last 6 weeks of the experiment: simultaneously it 
more than maintained its weight and appeared to be in fair nutritive 
eondition. Rat 738, while it had not contracted xerophthalmia, improved 
remarkably in appearance after the addition of butter fat to its ration. 
It was short, however, and gave the impression of having been stunted 
not by a nutritive deficieney, but by digestive disturbances. 


Chart ll, Lot 222:< 
25% of rutabagas does notcarry sufficient amounts of the fat-soluble 
vitamine for normal growth, 
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Cuarr lt. When the amount of rutabagas was increased to 25 per 
cent of the ration the demands for fat-soluble vitamine still remained 
unsatisfied. This cannot be inferred from the observed failure of norma} 
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growth to result because digestive disturbances attributed to the hemi- 
cellulose variety of carbohydrates complicated the situation just as in 
the case of the carrots. Rat S90 was the only rat that contracted xeroph- 
thalmia. Rat 889 was bloated almost continually and ultimately died 
from this condition. We are inclined to believe that the more pronounced 
tympanites was due to the greater amount of food consumed by this 
animal. If it consumed more food, this would easily explain its more 
pronounced growth as thereby its vitamine intake was satisfied. In such 
instances as this individual records of food consumption would facilitate 
the interpretation of data. In most instances, however, accurate con- 
clusions can be arrived at by the law of averages. In the case of Rats SSS 
and SOL no tympanites was observed and at the time of their death their 
eyes were perfectly normal. 


Chart 12, Lot 183:- 
60% of rutabageae if it carries sufficient fat-soluble vitamine for growth 
causes too pronounced digestive disturbances to give conclusive indications 


there 
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Cart 12. Whether sufficient amounts of fat-soluble vitamine to 
satisfy the requirements for growth in the rat can be introduced into 
the ration with dried rutabagas is difficult of determination. Whenever 
large amounts of the root are incorporated in the diet digestive disturb- 
ance which appeared even when only 25 per cent of the root was fed became 
so aggravated that normal growth was impossible. At a level of 60 per 
cent it is noteworthy that while the diet was rendered distinctly unfavor- 
able for growth on account of the persistent tympanites and occasional 
diarrhea no xerophthalmia was observed in any of the animals during 
the 15 weeks of the experimental period. If the rutabagas contained 
none of the fat-soluble vitamine it was to be expected that xerophthalmia 
would have resulted in the presence of these digestive disturbances and 
over such a protracted period. But final conclusions cannot be arrived 
at with these limited data. There is no question, however, that if ruta- 
bagas contain any demonstrable amounts of the fat-soluble vitamine they 
are not to be considered comparable to those found in carrots. 


Fat-Soluble Vitamine In Dasheens."* 


The dasheens, both corms and roots of medium size and free 
from foreign material, were sliced without peeling and then dried 


1 The common name of dasheen ts taro, and the scientific name Cala- 


dium colocasia. 
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at room temperature in an air current. In this condition they 
could be readily ground to a fine powder and incorporated in the 
ration. No difficulty in securing consumption was observed. 


Chart 13, Let 581:- 
15% of raw dasheens furnishes enough of the water-soluble vitamine for 
long continued growth, 
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Cuartr 13. From the performance of the animals in this lot there 
remains no question but what dasheens are abundantly supplied with the 
water-soluble vitamine to support long continued growth of the rat. It 
is true that the observed growth was not what could be considered normal, 
but nevertheless for our purposes of comparison the results must be eon- 
sidered very satisfactory especially in view of the fact that no rations 
which ean be considered synthetie in any sense of the word are entirely 
satisfactory even for growth and certainly not for reproduction and 
rearing of the young. 


80 


Chart 14, Lot 559:- 
15% of raw dasheens do not furnish any demonstrable amounts of the fat- 
soluble vitamine. 
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Cuart 14. In a ration provided with a liberal excess of the water- 
soluble vitamine and all other nutritive factors, outside of the fat-soluble 
vitamine necessary for growth, provided for, 15 per cent of dasheens does 
not take care of this deficiency to allow even the minimum amount of 
growth. Rat 2339 became blinded by the resultant xerophthalmia but 
the other rats in their miserable condition became infested with lice, 
making it difficult to ascertain definitely before their death—which followed 
shortly —whether or not the inflamed condition of the eyes was due to the 
fat-soluble vitamine deficiency or to the irritation. Under the conditions, 
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the consistent fatlure of growth together with the occurrence of one clean- 
eut case of xerophthalmia speaks decisively for a fat-soluble vitamine 
deficiency in this ration, 


In several instances attempts were made to feed a higher per- 
centage of dasheens. This resulted in complete failure, but for 
reasons which had hitherto not’ been appreciated. When raw 
dasheens are fed in liberal amounts it becomes evident that they 
are very diffieultly digestible which fact. became especially evident 
when the amount was increased to as high a content as SO per 
cent of the rations. Iven though the rations were complete in 
every way the indigestibility of raw dasheen starch prevented 
the rats from even maintaining themselves. Large quantities of 
the feed were devoured at times and bulky fecal residues were 
eliminated due to the excretion of undigested starch as indicated 
by the iodine potassium iodide reaction. Autopsy of a number of 
animals indicated that the abdominal distention which had at 
first been taken as due to gaseous fermentation was in reality due 
to an abnormal enlargement of the cecum and large intestine in 
accommodation to the accumulation of the undigested food. 


Chart 15, Lot 688:- 
Even when the daesheens were rendered digestible by cooking, 63.5% in the 
ration gave no evidence of a sufficient fat-soluble vitamine content, 
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Cuarr 1. As the indigestibility of the stareh precluded the posst- 
bility of demonstrating the low fat-soluble vitamine content of dasheens 
it became necessary to cook them. When cooked, difficulty in the digesti- 
bility of the starch was no longer observed, but neither was there made 
evident the presence of a fat-soluble vitamine content. Viewed in the 
light of results obtained later we are thoroughly convineed that the 
data are representative of what would have been obtained on the raw 
dasheens if results had not been obscured by their indigestibility. It is 
probable that in spite of their indigestibility when 15 per cent of the raw 
dasheens was fed if they had contained any demonstrable amount of the 
vitamine it would still have been shown by the growth responses as the 
demonstration of the presence of the water-soluble vitamine was not 
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interfered with by this condition (Chart 13). Furthermore the dasheens 
fed were cooked at alow temperature (5 pounds steam pressure for 20 
minutes) and were then dried at room temperature in an air eurrent. 
From what we now know of the stability of the fat-soluble vitamine in 
plant materials the amount destroyed must have been very small if at 
all demonstrable by feeding experiments. If the fat-soluble vitamine 
occurs at all in the dasheens it should here have become evident. 


Fat-Soluble Vitamine in Red Beets. 


The red beets of medium size were scrubbed thoroughly, then 
sliced, and dried in an air current at room temperature. Under 
these conditions and even when kept over anhydrous cenaleium 
chloride for some weeks they did not dry enough to make it 
possible to grind them. Only by drying them in a thin layer 
for 20 minutes at 90° did they, become brittle enough to grind 
and later pulverize to an impalpable powder in a ball mull, 


Chart 14, Lot 586:- 
15% of red beets does not furnish demonstrable amounts of the fat-soluble 
vitamine. 
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Cnarr 16. Ina ration complete in its content of the dietary essentials 
requisite for fairly good growth with the exception of the fat-soluble 
vitarmine 15 per cent ot rec beets does not furnish enough ot Vitamine. 
None of the rats grew at the normal rate for even a limjted time and one, 


Rat 2544, remained absolutely stationary in body-weight. Rats 2345 


and 2347 developed bad eases of xerophthalmia which persisted to the 


time of their death. Rat 2544 died without any specific symptoms of 
Vitamine deficiency, 
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In @ complete ration, the introduction of 15% of red beete does not 


Suppress the growth of the animals, 


Ratfon: x The dextrin parripd the algoholit extract 
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Cuarr 7. Proof that the failure of growth in Lot 586, Chart 16, was 
not due to any unfavorable factors in the diet introduced with the 15 per 
cent of red beets is brought out by this lot of animals. When added toa 
complete diet no prejudicial effects were observed. It must be remem- 
bered, however, that this evidence is not absolute as in a satisfactory 
ration factors slightly detrimental in action would be obscured by the 
greater powers of resistance of the animal under these conditions. It 
ean be safely concluded that red beets are very low in or practically free 
from the fat-soluble vitamine. 


Fat-Soluble Vitamine tn Parsnips. 


The roots were sliced and then dried at room temperature in 
an air current. While fairly dry, they were sufficiently hydro- 
scopic to remain tough until dried over calcium chloride; after 
that, they could be readily pulverized. The comminuted prepa- 
ration was of a faint but clear vellow color which appeared to 
have greater permanency than the vellow of the rutabagas which 
as already noted bleached out rapidly. 


Chart 18, Lot 691:- 
15% of parsnips does not furnieh a sufficiency of fat-soluble vitamine 


for continued growth. 


x The dextrin carried the albohollic extract of 
15 20 grams ether-satracted bryp. 
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Cart 18. In two experimental lots of which the record of only 
one, viz. 691, which showed the most growth is here reproduced no evi- 
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dence of a sufficiency of the fat-soluble vitamine for growth was obtained. 
Rat 2760 had a severe attack of indigestion resulting in diarrhea which 
probably was indicative of an unfavorable character of the carbohydrate 
in the root as demonstrated in the case of the carrot and rutabaga. Rats 
2761, 2762, and 2763 all had inflamed eyes at the time of their death, but 
as the eyes did not become purulent before death we are not positive 
whether we were dealing with xerophthalmia due to fat-soluble vitamuine 
deficiency or not. In view of the ultimate failure in the growth perform- 
ance of the rats in two lots, though the ration was initially apparently 
relished by the animals, together with the incipient eye inflammations we 
believe we are justified in coneluding that parsnips are poor in their fat- 
soluble vitamine content. We did not determine whether larger amounts 
might not have been satisfying in furnishing this vitamine. 


As in the case of red beets (Chart 17) 15% of parsnips in a satisfactory 


ration does not interfere with growth. 


x @ dextrin carried|the alcoholic extract 
of 20 grams of [other extracted wheat embryo. 
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Cuartr 19. This record makes it positive that failure in Lot 691, 
Chart IS, was not due to harmful constituents or unpalatable constituents 
in the parsnips as growth was uniformly satisfactory when the ration 
was complete. In the Ist week the average consumptton was 39 gm. 


per rat as compared with 40 gm. in Lot 691, in the 2nd week 53 gm. as 
compared with 57, and in the 38rd week 64 as compared with 64. These 
records were obtained by means of a special feeding device which it is 
believed gives as satisfactory data of food consumption as it is possible 


to secure with rations of the physical characteristics here employed. 


Fat-Noluble Vitamine in Potatoes. 


The data on the vitamine content of potatoes here reproduced 
were obtained at various intervals over a considerable period of 
time and of all the records accumulated, only a few have been 
presented to indicate the nature of the problem and to present 
the general trend of the results obtained. 
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The tubers were bought on the open market and were of 
medium size. They were washed free from dirt and then sliced 
without paring. Those fed raw were dried at room temperature 
While those fed cooked were autoclaved at 15 pounds pressure 
from 60 to 75 minutes. Cenerally after cooking they were dried 
iInan oven at 90°C. An exception to this procedure is to be 
noted, Chart 24, Lot 719, where they were dried in an air current 
at about 30°C 


Chart 20, Lot 178:- 


. 15% of raw potatoes furnishes a sufficiency of the water-soluble vitamine 
for long continued growth. 
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: CHarr 20. Potatoes furnish us with another instance of the relatively 
if large amounts of water-soluble vitamine present in proportion to the 
a animal's requirements for growth. This does not necessarily mean that 
4 the amount present in their diet is generally much larger than the animal 
d requires for its physiological well being—though evidence points in this 
‘4 direction -but it does mean that on a diet of roots the animal is certain 
3 to feel the need of other constituents before that of the water-soluble 
vitamine, 

4 Chart 21, Lot 161:- 

% Without additional fat-scluble vitamine 15% of raw potatoes will not 

# allow growth to continue, 

| Gm.|| Ration:-| 
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| Ciartr 21. When the ration fed to Lot 178, Chart 20, was not provided 
4 with fat-soluble vitamine in addition to that furnished by the 15 per cent 


of raw potatoes, failure in nutrition results. Here again, then, we have 
an instance where, relative to the needs of the animal for growth, a 
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deficiency in the fat-soluble vitamine becomes especially evident. After 
failure to grow had been decisively indicated the ration was changed to 
the extent that five parts of dextrin were replaced by five of butter fat. 
Before the effeet of this vitamine addition had become evident the animals 
died, death being directly due to their poor nutritive condition. 


Chart 22, Lot 242:- 
25% of raw potatoes does not furnish enough fat-eoluble vitamine. 
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Cuarr 22. With such amounts of fat-soluble vitamine as are present 
when 25 per cent of the ration is supplied ds raw potatoes, the observed 
growth performance was less than on 15 per cent (Chart 21, Lot 161). 
This is due to the fact, as was discovered later when large amounts of 
raw potatoes were fed, that raw potato starch is digested with great 
diffeulty by the rat. Therefore, as the amount of potato in the ration 
was increased, such improvement as would result from any additional 
amount of the fat-soluble vitamine present was masked by the unfavorable 
effect of the decrease in the amount of available energy. There remains, 
however, absolutely no doubt that the failure of continued maintenance 
on this ration was primarily caused by a lack of the fat-soluble vitamine 
as Rats 968, 969, and 971 all contracted xerophthalmia while on the ration. 

In the light of what has been said the improvement in the condition 
of the rats when butter fat was added as indicated on the chart should 
not be accepted without reserve as being due to the fat-soluble vitamine 
thereby added. In part the beneficial results are to be attributed also 
to the increased intake in the required amount of energy of which the 
animal was otherwise deprived by the indigestibility of the starch. 


Chart 23, Lot 336:- 
60% of cooked potatoes may allow long continued though subnormal growth 
indicating the presence of the fat-soluble vitamine, 


Gm. | Ratijon:- x |The dextrin cayried|the alcoholic extract 
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Carr 23. As when even low percentages of raw potatoes were present 
in the ration there was marked evidence of their indigestibility it 
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obviously was an impossibility to attempt to demonstrate the presence of 
the fat-soluble vitamine in such potatoes. Much as we felt disinclined, 
we were forced to cook them to render them digestible. On potatoes so 
treated, much to our surprise, the rats continued to grow for a considerable 
period of time and later maintained themselves for a period of 23 weeks 
with but 60 per cent of potatoes in the ration as the source of the fat- 
soluble vitamine. At the end of this time none of the rats gave signs of 
impending nutritive failure. 


Chart 24, Lot 719:- 
Potatoes do not alwaye carry sufficient fat-soluble vitamine for even sub- 
normal growth (Chart 23). 


Gm.|, Ratjon:- 
Potatoes 


Carr 24. That much reliance is not to be placed on the general 
occurrence of the fat-soluble vitamine in the potato is brought out in 
this experiment. The potatoes used were from a different lot, but were 
prepared for feeding as those used for Lot 330 with the exception that 
later they were air-dried so that the treatment to which they were sub- 
jected was even milder than that used in the other instance and therefore 
more of the original vitamine content should have been preserved. The 
general miserable condition of these animals testified to the fact that 
even with 19 per cent more of potatoes in the ration as compared with 
Lot 336 there was far less fat-soluble vitamine demonstrable. We are 
foreed to the conclusion that there is considerable variation in the fat- 
soluble vitamine content of potatoes, a fact the importance of which we 
did not appreciate until similar observations of variations were obtained 
with other plant materials. In general it is believed safe to infer that 
potatoes may contain enough of the fat-soluble vitamine for normal 
growth, but generally they ean be considered poor in their content of this 
dietary essential, 


Fat-Soluble Vitamine in Mangels. 


The mangels used in these experiments were a variety known 
as sugar mangels which are considered of superior value on ac- 
count of their higher sugar content to the ordinary mangels used 
as fed by the animal husbandman and so extensively used by the 
(;ermans for human food during the time of food seareity in 
1917. They were washed, pulped on a power beet rasp, and then 
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dried in an air current at room temperature. In air-dried con- 
dition they were readily pulverized and incorporated in the 
ration. 


Chart 25, Lot 245:- 
25% of mangels does not carry enough water-soluble vitamine for growth, 
Gm. || Rat don:- 4 
ngele 256 week 
120 ein 7 
Butter jfat § 
ar 1 
80 te 4 
xtri 48 
40 980 981 


CHarr 25. Unhke earrots, rutabagas, dasheens, potatoes, beets, and 
parsnips 25 per cent of mangels does not furnish the rat with the required 
amount of water-soluble vitamine. [In an otherwise satisfactory ration 
the lack of water-soluble vitamine was indicated by the failure of the 
animals to grow and in case of Rat 980 by an attack of convulsions char- 
acteristic of polyneuritis which terminated fatally. 


Chart 26, Lot 405:- 
The presence of mangels in a diet to the extent of 25 per cent exercises 
no special prejudicial action, 


Y? ff 
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CHuartr 26. The growth performance of this group of rats on a ration 
different from that of Lot 245, Chart 25, only in that three parts of dextrin 
were replaced by ether-extracted wheat embryo-—well known to be rich 
in the water-soluble vitamine—demonstrates that no mistake was made 
in attributing the cause of failure in Lot 245 to a deficieney of the water- 
soluble vitamine. 
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Chart 27, Lot 291:- 
25% of mangels does not allow normal growth to occur in a ration other- 
wise complete but for the fat-soluble vitamine,. 


e dextrgn cayried |the @lcoholic extract 
1 of jethey-extyacteq wheat 


/ 
peeke 


CHart 27. Besides their poverty in the water-soluble vitamine mangels 
are also deficient in the fat-soluble vitamine as indicated by the results 
of this experimental group. Rats 1164, 1166, and 1167 died when in a very 
miserable condition due to a poor nutritive state of the skin. The general 
condition of Rat 1165 was no better than the others, but it maintained its 
weight better for the time that the experiment was continued. 


Fat-Soluble Vitamine in Sugar Beets. 


Sugar beets prepared for feeding by pulping and then drying 
in an air current at room temperature and finally over calcium 
chloride indicated the same general vitamine relations as the 
mangels. 


(Chart 28, Lot 244:<- 

Sugar beets like mangels are very poor in water-soluble vitamine as 
indicated by failure of growth on this ration carrying 25% of the dried 
roots, 


Gm. Rati 
12 
c 
8 
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CHartr 2S. Rats 976 and 977 failed to live longer than S weeks on a 
ration dependent for the water-soluble vitamine on the amount intro- 
duced with 25 per cent of sugar beets. Their death was directly due to this 
deficiency as both died after having shown severe convulsive symptoms 
common in attacks of polyneuritis. Rats 978 and 979 did not succumb 
to this deficiency; neither was their growth satisfactory. Such variations 
are merely instances of certain individuals being better able to withstand 


an unfavorable environment. 
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[Chart 29, Lot 292:- 
When the water-soluble vitamine deficiency was corrected,growth was then 
prevented by lack of the fat-soluble vitamine, 


Gm. || Ratfon:e- x The dextrin carried the alcoholic extract 
Sugar Yeets| 25 of 10 gramejether-extracted wheat embryo. 
17 
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CHart 29. The evidence for a fat-soluble vitamine deficiency in a 
ration dependent for this dietary essential on 25 per cent of sugar beets 
was so pronounced that no further experiments to determine this were 
innugurated; Rat 1169 was totally blinded by the xerophthalmia, Rat 1170 
contracted xerophthalmia in one of its eyes before death, and Rat 1171 in 
both eyes. It was only in the case of Rat 1168 that no symptoms of vita- 
mine deficiency outside of failure to grow were observed. 


Fat-Soluble Vitamine in Yellow Sweet Potatoes. 


Next to the Irish potato there is no tuber or root crop which 
enters into the make-up of the human diet to such a large extent 
as the yellow sweet potato, especially when it is in season as its 
poor keeping qualities more than anything else has prevented its 
continued use. The favor with which it is received in the 
American home makes a comparison of its dietary properties with 
the Irish potato important. 

The potatoes used for most of the following investigations were 
peeled potatoes that had been dried at a temperature of 50-60°C. 
In three instances air-dried potatoes were fed for purposes of 
comparison. 
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Chart 30, Lot 477:- 
15% of oven-dried sweet potatoes in an otherwise approximately vitamine- 
free ration does not furnish enough vitamines for growth. 


Cuart 30. 15 per cent of sweet potatoes as a source of vitamines 
in the diet of young growing rats led to a very peculiar rate of increase 
in weight. Growth at a very slow rate was continued for 22 weeks during 
which there were no signs of polyneuritis or xerophthalmia. The form of 
the curve, together with the general body condition of the animal— 
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recorded as good with the exception of Rat 1908 which was designated 
fair is most suggestive of a water-soluble vitamine deficiency. Evi- 
dently there was just enough vitamine present to maintain the animals. 
It remained to establish whether or not at this level of sweet potato 
feeding a deficiency of the fat-soluble vitamine did occur. 


Chart 31, Lot 478:- 
25% of sweet potatoes furnishes enough vitamines for long continued 


growth; same young were even reared. 
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Cuarr 31. That growth on sweet potato vitamines becomes possible 
is shown when such an amount of sweet potatoes is introduced into the 
ration that it makes up 25 per cent of the total. This experimental group 
indicates that in the previous lot (Lot 477, Chart 30) failure of growth 
Was not primarily due to any unsatisfactory factors introduced into the 
ration with the potatoes and that therefore it must have been due to a 
lack of vitamine. The performance of this group of animals is rather 
remarkable, not only in the growth responses, but also in the fact that 
one animal, Rat 1914, raised young. She raised three out of a litter of 
five toan average weight of 37 gm. in 5 weeks. Though undersized they 


were in good condition. 


Chart 32, Lot 479:- 
Sweet potatoes to the extent of 60% in the ration allow normal and long 


continued growth and rearing of young. 


tato 
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Coarr 32. With the per cent of sweet potatoes increased to 60 the 
rate of growth was more nearly what could be considered normal for the 
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rats of our colony. But as noted on the chart there occurred numerous 
variations in the weights of the individuals which are indicative of digestive 
disturbances as often indicated by the bloat observed from time to time. 
That the vitamine requirement for growth must have been generously 
satisfied must be inferred from the record of reproduction. Rat 1916 
raised five out of a litter of six young to an average weight of 4S gm. in 
5 weeks and 4 days, and all of six young from a second litter to an 
average weight of 42 gm. in 5 weeks (see Plate 1). The other female, 
Rat 1918, raised two young out of her first litter of six to an average 
weight of 38 gm. in 7 weeks and all of eight young in her third litter to an 
average weight of 61 gm. in 7 weeks and 4 days. The second litter was 
not raised for reasons unknown as they disappeared from the cage a few 
days after birth, evidently having been consumed by the mother. There 
certainly is nothing to indicate that the sweet potato cannot be an im- 
portant souree of vitamine in the diet. None of these animals showed 
any signs of premature senility at 10 months which is further evidence 
of the satisfactoriness of the diet. 


Chart 33, 8 an i: 
When the water-soluble vitamine deficiency is taken care of, the high 
content of fat-soluble vitamine in sweet potatoes becomes demonstrable. 


xz @ dextrin carriedithe alcoholic trapt 
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Cuartr 33. The experimental results of two separate feeding trials 
indicate that the primary vitamine deficiency in our sweet potato material 
was the water-soluble vitamine deficiency. When this was corrected by 
the addition of an alcoholic extract of ether-extracted wheat embryo 
fairly good growth, together with rearing of the young, became possible. 
Neither the growth of the original lots nor the growth of the offspring 
was normal, but nevertheless the performance was remarkable as growth 
was long continued. Rat 1077 in the 19th week developed an edematous 
eye and Rat 1078 an inflamed eye. These abnormal conditions were 
temporary and later entirely disappeared. They were diagnosed as not 
being caused by a fat-soluble vitamine deficiency and, as the attacks 
were not of long duration and were not accompanied by great losses in 
weight, they were taken as being due to trauma. This later appeared 
entirely justifiable in view of. the suecess in reproduction. Rat 1076 
raised four young to an average weight of 59 gm. in 9 weeks, and Rats 
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1904 and 1907 five young to an average weight of 44 gm. in 7 weeks and 
4 days. These must not be taken as instances of satisfactory rearing of 
young, as their rate of development was only approximately one-half 
of what it should be; it was remarkable that young were raised at all. 


Chart 34, Lot 684:.- 
There is no danger of introducing demonstrable amounts of the fat-soluble 
vitamine with our water- seluble vitamine preparations (Chart 8). 


x dextrin barried the alcoholik extiract bf 
20] grange ether-extractpd wheat 


PRERS ‘22 


Cuarr 34. While we had demonstrated once before (Chart S) that 
our water-soluble vitamine preparation contains little if any fat-soluble 
vitamine, the demonstration, on account of the importance of the data 
just discussed, was here repeated. On a ration containing the alcoholic 
extract of 20 gm. of ether-extracted wheat embryo as the sole possible 
source of the fat-soluble vitamine all the rats suecumbed within 3 months 
and all had infected eyes, although Rat 2732 owed its death directly to 
an abseess on its aw and Rat 2733 to a pulmonary infection. The results 
prove that the growth in Lots 269 and 476, Chart 33, could not possibly 
have been due to the high fat-soluble vitamine content of the water-soluble 


vitamine extract. 


Chart 35, Lot 574:- 
15% of air-dried sweet potatoes furnishes little if any more vitamines 
than 15% of oven-dried material (Chart 30). 


| | 


CHarr 35. In spite of the data on the stability of the water-soluble 
vitamine now at hand in the literature, it cannot be taken for granted 
that the vitamine is left intact in the process of drying where temperatures 
higher than room temperature are employed. The sweet potatoes used 
in this and the following two lots were obtained on the local market. 
They were peeled, then sliced, and dried in an air current at room tem- 
perature. On them, at a level of 15 per cent as the source of vitamines, 
growth was slow and indicated a lack of vitamines as in Lot 477, Chart 30, 
of the oven-dried material. 
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Chart 36, Lot 690:- 


In air-dried sweet potatoes as in the 


of the water-soluble vitamine is most prominent. 


oven-dried material the deficiency 
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CHART 


without this addition, 


15 per cent of the air-dried sweet potatoes when fortified 
with water-soluble vitamine enables more rapid growth to occur than 


The experiment has not yet been concluded, but 


the indications are that the order of magnitude of the vitamine deficiencies 
of a vitamine-free ration having its vitamine introduced with small per- 
centages of air-dried sweet potatoes are of the same character as those 
of the oven-dried material, 


CONCLUSION, 


Irom the data of the present series of investigations it Is seen 
that the vitamine relations in roots may be of a widely differing 
With 15 per cent of the diet made up of roots as the 
source of the fat-soluble vitamine we have in the case of the 
vellow sweet potato and carrot normal growth and even rearing 
of the young made possible, but in the case of the rutabaga, 
dasheen, red beet, parsnip, potato, mangel, and sugar beet com- 


character 


plete failure resulted. 


In fact, in some instances failure aé such 


higher levels as were dried—25 per cent in the case of the mangel 
and sugar beet and 83 per cent in case of the dasheen—was also. 


observed. 


Likewise, from the data here presented—which are representa- 
tive of a large number of experiments—the conclusion seems 
warranted that tubers and roots are not necessarily to be classed 
with food materials grossly deficient in their fat-soluble vitamine 
While in some instances it is true that there is little 
or no fat-soluble vitamine demonstrable, in other instances there 
is enough present to warrant their classification with respect to 
their content of this dietary essential with leafy materials rather 
than with our cereal grains such as maize, wheat, barley, or oats. 
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It must not be taken for aecepted that absolute comparisons 
of the amounts of the vitamine to be found in different plant 
materials are possible as our knowledge of the occurrence of the 
vitamine is too limited. At any rate it is probable that not 
until we know something of the funetion of this vitamine in the 
plant kingdom, or at least know something of its association with 
specific principles or physiological processes that general state- 
ments on the basis of such limited data as here presented will be 
warranted. The danger of drawing conclusions from limited data 
is brought out graphically in the case of the experiments carried out 
on potatoes. In only one out of two instances was the presence 
of the fat-soluble vitamine demonstrated when different samples 
were fed at high levels. We believe that this is only one of 
numerous instances of variation in the natural occurrence of 
vitamine which later may be easily understood as their physio- 
logical rédle is appreciated. We believe, however, that our general 
conclusions in regard to the especially high fat-soluble vitamine 
content of earrots and vellow sweet potatoes as compared with 
red beets, parsnips, rutabagas, sugar beets, potatoes, mangels, 
and dasheens will not need qualification. 

The water-soluble vitamine relations as brought out in our 
experiments are also worthy of some comment. In the case of 
the carrot, rutabaga, and dasheen 15 per cent of the material 
furnished enough of this vitamine for growth. Of sweet potatoes 
a somewhat larger amount was necessary, but of the sugar beet 
and mangel, even as much as 25 per cent of the ration gave no 
evidenge of furnishing this compound. 

In comparing the relative amounts of fat-soluble vitam/ne » nd 
water-soluble vitamine occurring in the various materials studied 
it is noteworthy that there is no evident relation between tiem 
as measured by the amount required to enable the rat to grow. 
While in dasheens no fat-soluble vitamine could be demonstrated 
no matter what the amount fed —though 15 per cent furnished 
enough water-soluble vitamine—-in carrots on the other hand 
enough of both the fat- and water-soluble vitamine was furnished 
by an amount equivalent to 15 per cent of the ration. Again, in 
mangels and sugar beets both vitamines were present in such 
small amounts, if at all, that they could not be demonstrated 
when fed at a 25 per cent level. From the standpoint of plant 
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physiology it is difficult to surmise Just what these relations signify, 
but most certainly it does not appear justifiable to associate gen- 
erally great physiological activity with an abundance of vitamine. 


Acknowledgments and thanks are due to Dr. J. S. Caldwell, 
Dr. R. A. Young, and Dr. P. H. Dorsett of the Bureau of Plant 
Industry, Washington, D. C., for cooperation in the experiments 
to the extent of supplving the authors with dasheens and sweet 
potatoes suitable for these experiments. 
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EXPLANATION OF PLATE 1. 


hig. 1. Rat 1916 was raised on a ration which derived its entire content 
of vitamine, both fat- and water-soluble, from sweet potatoes which made 
up 60 per cent of it (Chart 32). Started on the ration at 45 gm. Septem- 
ber 9, 1918, she weighed 215 gm. June 9, 1919. As seen from the picture 
she was in excellent nutritive condition just after she had raised the second 
litter of voung. 

hig. 2. Pwo out of the litter of six voung all of which were raised by 
tat 1916 on the 60 per cent sweet potato ration as the source of vitamines. 
When photographed at the age of 5 weeks and 4 days they averaged 53 gm. 
inweight. Though normally on our stock ration they would have weighed 
this 12 days sooner, their performance on this restricted ration is none 
the less remarkable, 
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CHEMOTHERAPEUTIC STUDIES ON ORGANIC COM- 
-POUNDS CONTAINING MERCURY AND ARSENIC.* 


By GEORGE W. RAIZISS, JOHN A. KOLMER, JOSEPH L. 
GAVRON. 


(From the Dermatological Research Laboratories, Philadelphia.) 
(Received for publication, October 29, 1919.) 


The valuable properties of mercury compounds in the treat- 
ment of spirochete infections are well known. Prior to the dis- 
eovery of the dihydrochloride of diaminodioxyarsenobenzene, 
widely known as salvarsan, mercury compounds were practically 
the only remedies known for syphilis. While the modern therapy 
of svphilis is primarily based on the use of salvarsan, metallic mer- 
cury, and its inorganic and organie derivatives remain important 
aids in combating the infection. The elaboration of a mercury 
compound possessing more powerful spirochetocidal properties, 
also less toxicity for the body than any of the known mercury 
compounds, is of great importance. Attempts to synthesize such 
a compound were numerous (1). As yet none of the new organic 
mercury compounds has shown superior properties in the treat- 
ment of syphilis which would make it more useful than any of 
the old mercury preparations employed for years by physicians. 

The researches of Dimroth (2), Pesei (3), Schrauth and Schoeller 
(4), and others suggest the advisability of dividing organic mer- 
eury compounds in three classes. 

To one class belong the full complex compounds in which mer- 
cury is attached to carbon of two organic compounds as for 
instance in Pesci’s mercury dibenzoic acid: 


COOH COOH 


* This work was made possible by funds accruing from the dispensing of 
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Fischer (5) and also Miiller, Schoeller, and Schrauth (6) demon- 
strated that mercury compounds of the foregoing type are less 
toxic, but at the same time therapeutically less active than 
any other class. The reason probably hes in the fact that mer- 
curv is so firmly bound to the carbon atoms as to be almost 
entirely deprived of its metallic properties. This view is sup- 
ported by observation that mercury cannot be split off even when 
these compounds are treated with hydrogen sulfide in boiling hot 
solution. 

To the seeond group comprising the pseudocomplex com- 
pounds, belong mereury salts of organie acids, also compounds 
where hydrogen of a hydroxyl or amino group is replaced by the 
metal. They are characterized by the ease with which mercury 
is split off by the action of diluted solutions of caustic soda or 
hydrogen sulfide in the cold. 

The last and most important group includes the so called half 
complex mercury compounds in which one valence of the metal is 
attached to the carbon atom of the benzene ring and the other 
to an inorganic group such as hydroxyl, halogen, or an acetic acid 
radical. This group is characterized by a comparative stability. 

The firmness with which mereury is bound to the organic com- 
pound is deeidedly greater in half complex compounds than in 
pseudocomplex. It varies with different compounds and is prob- 
ably dependent upon the presence of various other groups in the 
benzene ring. 

It is possible that there is relationship between the firmness of 
the position of mercury in the organic compound and the thera- 
peutic or germicidal effect. Such a relationship, however, can 
not vet be established. 

Two of the authors, for the past 5 vears, have been engaged 
in aseries of chemotherapeutic studies with Dr. Jay Frank Scham- 
berg. Organie mereury compounds were to a considerable extent 
the subject of these investigations. The half complex com- 
pounds were thought to be the most suitable for chemotherapeutic 
study and a considerable number were prepared. Their chemical 
and biological properties will be the subject of this and subse- 
quent papers. In this communication we intend to deseribe a 
class of aromatic organic arsenical compounds in which mereury 
was Introduced, 
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It appeared to us particularly interesting to svnthesize com- 
pounds where both mereury and arsenic were present in the 
molecule, as the combined effect of these elements, we thought, 
might be of greater therapeutic value. Only very few organic 
compounds containing mercury and arsenic have been described 
in the literature. Practically no data about their biological 
properties have been given. 

We prepared mercurial derivatives of various phenylarsinic 
acids. Mercury could not be introduced into aromatic com- 
pounds containing trivalent arsenic, for instance, in arsphen- 
amine, inasmuch as oxidation occurred almost immediately with 
the resulting formation of metallic mercury. 


EXPERIMENTAL. 
3-Nitroarsanilic Acid-Mercuric Acetate, No. 76. 

10 gm. of 3-nitroarsanilic acid were suspended in about 75 ce. 
of water and dissolved by the addition of 22 ce. of 15 per. cent 
sodium hydroxide (the amount necessary to form a disodium salt). 
This was mixed with a solution of 13.0 gm. of mercuric acetate 
dissolved in 70 cc. of water (12.1 gm. = 1 mol) containing a little 
acetic acid to prevent the formation of any basic salt. A vellow 
precipitate was thrown down immediately. The whole was 
allowed to stand for 48 hours in the cold with vigorous mixing 
from time to time. Then the precipitate was filtered off, washed 
thoroughly with water, then methyl alcohol, and finally with 
ether, and dried in the desiccator over sulfuric acid. 


Yield = 15.8 gm. = 77 per cent of the theoretical. 
Nitrogen Mercury. Arsenic. 
per cent per cent per cent 
Analysis.—Caleulated.. ...... .5.38 38.46 14.42 


These results are in agreement with the following formula: 
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Properties.—-A bright yellow powder soluble in very dilute sodium 
hydroxide on warming. It ts slightly soluble in methyl alcohol, insoluble 
in cold or warm ethyl alcohol, ether, and acetone. Soluble in glacial acetic 
acid at ordinary temperature, also in 15 per cent acetic acid on warming 
and in 10 per cent hydrochloric acid. 


3-Nitro-4-Hydroxyphenylarsinic Acid-Mercuric Acetate, No. 95. 


10 gm. of 3-nitro-t-hydroxvphenylarsinic acid were dissolved 
using 50 ce. of water and 20 ee. of 15 per cent sodium hydroxide. 
To the deep vellow solution were added 12.5 @m. of mercuric 
acetate (12 gm. = | mol) in 65 ce. of water and a little acetic 
acid. A yellow precipitate was formed which was insoluble in 
0.5 per cent sodium hydroxide. The whole was heated on a 
water bath for 1} to 2 hours when a sample dissolved completely 
in 0.5 per cent sodium hydroxide, thereby showing the absence 
of any free mercury ions. After thorough cooling, the precipitate 
was filtered off, washed thoroughly with water, methy! alcohol, 
and ether, and then dried in a desiccator over sulfuric acid. 

It may be purified by dissolving in dilute sodium hydroxide 
and reprecipitating with acetic acid. 


Yield = 13.5 gm. = 6S per cent of the theoretical. 
Nitrogen. Mereury. Arsenic. 
per cent per cent per cent 
Analysis.—Caleulated...........2.69 38.59 14.40 
(2 61 
Found, 38.05 14.50 
| 2.82 
As OH 
OH 
CH,COOT = oN AsHg 
OH 


Properties. A yellow powder soluble in dilute sodium hydroxide torm- 
ing a vellow solution, insoluble in both cold and warm methy! and ethyl 
aleohol, ether, acetone, and glacial acetic acid. 
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3:5-Dinitro-4-H ydroxyphenylarsinic Acid-Mercuric Acetate, 
No. 126. 


10 gm. of 3:5-dinitro-4-hydroxyphenylarsinic acid were dis- 
solved in 10 ce. of methyl alcohol by warming on a water bath. 
12 gm. of mercuric acetate (10.0 gm. = 1 mol) were dissolved in 
75 ce. of methyl alcohol with the addition of a few drops of acetic 
acid, and the two solutions mixed in the cold. The mixture was 
warmed on the water bath with a reflux condenser for about 10 
hours until no free mercury ions could be detected by 0.5 per cent 
sodium hydroxide. 

The precipitate was filtered off, washed thoroughly with methy1 
alcohol and then with ether, and dried in the desiccator. 


Yield = 11.0 gm. = 60 per cent of the theoretical. 


Nitrogen. Mercury. Arsenic. 

per cent per cent per cent 
35.34 13.25 


These results correspond with the following formula: 


N¢ do = 
OH 


Properties.—A bright yellow powder only partially soluble in dilute 
sodium hydroxide. A pale yellow turbidity persists. It is insoluble in 
methyl! and ethyl aleohol, ether, and acetone. 


3-Amino-4-Hydroryphenylarsinic Acid-Mercuric Acetate, No. 96. 


10 em. of 3-amino-t-hydroxyphenylarsinie acid were dissolved 
in 75 ee. of water and 21 ce. of 15 per cent sodium hydroxide at 
room temperature (because warming an alkaline solution of the 
above amino compound would oxidize it). A dark brown solu- 
tion was thus formed. ‘This was mixed with a solution of 14.0 
gm. of mercuric acetate (13.6 gm. = 1 mol) dissolved in 70 ce. of 
water and a little glacial acetic acid. The mixture was kept 
cooled in ice water. 
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A light brown precipitate formed immediately. The whole was 
well shaken for about 3} hour, during which time the color of the 
precipitate gradually darkened. It was filtered off, washed with 


water, methyl aleohol, and ether, and dried in the desiccator. 


[t may be purified by dissolving in dilute sodium hydroxide 


and reprecipitating with acetic acid. 


Yield = 17.5 gm. = 83 per cent of the theoretical. 
Nitrogen. Mercury. Arsenic. 
per cent per cent per cent 
Analysis.—Caleulated.........2.85 40.73 15.27 
40.60 15.25 
As 
AS OH 
Ot 


Properties..-A brown powder soluble in dilute sodium hydroxide. This 
solution splits off metallic mereury within a few minutes which is deposited 
asa fine, gray powder. It is insoluble in the usual organic solvents, slightly 
soluble in cold glacial acetic acid and also 10 per cent hvydrochlorie acid. 


3:5-Diamino-4-H ydroxryphenylarsinic Acid-Mercuric Acetate, 
No. 125, 


10 gm. of 3:5-diamino-4-hydroxvphenyvlarsinic acid were dis- 
solved in 100 cc. of water and 22 cc. of 15 per cent sodium 
hvdroxide, thereby forming a disodium salt. A brown solution 
was obtained. This was mixed with a solution of 13.5 gm. of 
mercuric acetate (13.0 gm. = 1 mol) dissolved in 70 ec. of water 
and a little acetic acid. The mixture was kept cold by immers- 
ing in ice water and was vigorously mixed for about 3 hour, at the 
end of which time a sample of the precipitate dissolved com- 
pletely in 0.5 per cent sodium hydroxide. The precipitate was 
filtered off, washed thoroughly with water, methyl! alcohol, and 
ether, and dried in the desiceator. 

It may be purified by dissolving in 1 per cent sodium hydroxide 
and reprecipitating with dilute acetic acid. 
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Yield = 13 gm. = 65 per cent of the theoretical. 


Nitrogen. Mercury. Arsenic. 
per cent per cent per cent 
Analysis.—Caleulated........ .5.538 39.58 14.82 
LO 
“OH 
OH 
CH; 
gis 
Olt 


Properties.A dark brown powder soluble in very dilute sodium hy- 
droxide. The solution on standing splits off metallic mereury. Insoluble 
in the usual organic solvents. Partially soluble in cold glacial acetic acid. 
Soluble in 10 per cent hydrochloric acid. 


4-Carboryphenylarsinic Acid- or p-Benzarsinic Acid-Mercuric 
Acetate, No. 127. 


10 gm. of p-benzarsinie acid were dissolved in 75 ee. of water 
and 11.0 ec. of 15 per cent sodium hydroxide by warming on the 
water bath. This was mixed at ordinary temperature with a 
solution of 13.5 gm. of mercuric acetate (13.0 gm. = 1 mol) in 
70 ec. of water. A white precipitate formed immediately. The 
whole was warmed on the water bath for about 1 hour, when a 
sample of the filtrate no longer showed the presence of mercury 
ions. The precipitate was filtered off, washed thoroughly with 
water, methyl aleohol, and ether, and dried in the desiceator. 


Yield = 13.5 gm. = 67 per cent of the theoretical. 
Mercury. Arsenic. 
per cent per cent 
Analysis.—Caleulated.................39.68 14.88 


(39.75 
OH 
OH 
CH, 


15.13 


= C,HeO;AsHg 
COOH 
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Properties.—A cream-colored powder insoluble in sodium hydroxide, a 
yellow precipitate being formed. Soluble in dilute hydrochloric acid, 
concentrated sodium chloride solution, and in glacial acetic acid on warm- 
ing. Insoluble in hot or cold methyl or ethyl aleohol, ether, and acetone. 


Diacetyl-3 :5-Diamino-4-H ydroryphenylarsinic Acid-Mercuric 
Acetate, No. 97. 


10 gm. of diacetyl-38:5-diamino-4-hydroxyphenylarsinic acid 
were dissolved in 175 ec. of methyl alcohol by warming on the 
steam bath. The dark brown solution obtained was mixed in 
the cold with 10 gm. of mercuric acetate (9.6 gm. = 1 mol) dis- 
solved in 60 ec. of methy! alcohol. After shaking for about 20 
minutes a dark gray precipitate settled out, which was filtered off 
and washed thoroughly with methyl aleohol and ether, and 
dried in a desiccator. 

This compound could not be further purified because of its 
instabilitv. The results obtained for mercury are not quite in 
accord with the assumed formula. No other formula could be 
suggested. The nitrogen and arsenic values were found to agree 
with the assumed formula. 


Yield = 15 gm. = S86 per cent of the theoretical. 
Nitrogen, Mercury. , Arsenic. 
per cent per cent per cent 
Analysis.—Caleulated.........4.75 33.90 12.71 
| 36.40 13.05 
O 
OH 
NOH 
SHg00C - CH, 
OH 


Properties.—-A gray powder soluble in dilute sodium hydroxide forming 
a brown solution. This on standing becomes turbid, and finally metallic 
mercury is split off. It is insoluble in the usual organic solvents. Partly 
soluble in cold glacial acetic acid. 
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3-Bromoarsanilic Acid-Mereuric Acetate, No. 121. 


10 gm. of 3-bromoarsantlic acid were dissolved in 100 ec. of 
water. To this were added 18 ce. of sodium hydroxide and a 
solution of 11.0 gm. of mercuric acetate (10.5 gm. = 1 mol) in 
65 ee. of water and the whole was well mixed. After heating on a 
steam bath for about 3 hours, no mercury ions could be detected 
by 0.5 per cent sodium hydroxide. After cooling, the preeipi- 
tate was filtered, washed with water, methyl aleohol, and ether, 
and then dried in the desiceator. 


Yield = 15 gm. = SO per cent of the theoretical. 


Nitrogen. Mercury. Arsenic. 
per cent per cent per cent 
36.10 13.54 
AsCOH 
AS OH 
CH, Br = CsH,O;N BrAsHg 
NH, 


Properties.—A white powder insoluble in the usual organic solvents. 
Soluble in dilute sodium hydroxide, warm glacial acetic acid, and 10 per 
cent hydrochlorie acid. 


3-Bromooralylarsanilic Acid-Mercuric Acetate, No. 122. 


10 gm. of 3-bromooxalvlarsanilic acid were dissolved in 150 ce. 
of water and 15 ec. of sodium hydroxide, to which was added 
a solution of 9.5 gm. of mercuric acetate (8.6 gm. = 1 mol) 
dissolved in 60 ce. of water. The mixture was heated on the 
steam bath for about 2 hours when a sample dissolved com- 
pletely in sodium hydroxide. The precipitate was filtered, 
washed with water, ethyl alcohol, and ether, and dried in the 
desiceator. 


Yield = 8.5 gm. = 50 per cent of the theoretical. 


Nitrogen. Mercury. Arsenic. 
per cent per cent per cent 
Analysis.—Caleulated.........2.24 31.95 11.98 


{32.30 


\ 32.37 
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O 
OH 


OH 


CH; ° Br = 
NH:CO 

| 

COOH 


Properties.—A white powder insoluble in organic solvents and acetone. 
Soluble in very dilute sodium hydroxide. If this solution is allowed to 
stand metallic mercury splits off. 


Biological Experiments. 


These new compounds were subject to a series of routine 
biological tests for (a) antiseptic and germicidal activity for staph- 
viococei, Bacillus typhosus, and a spore-bearing microorganism 
Bacillus anthracis, (b) toxicity for white rats, and (c) for try- 
panocidal activity against infections with Trypanosoma equiper- 
dum in white rats. 

Results of Antiseptic or Bacteriostatic Tests—In conducting 
these tests varying dilutions of solutions of the different com- 
pounds in amounts of 1 ee. were placed in sterile test-tubes and 
further diluted by the addition of 5 ec. of nutrient broth and 
seeding with 0.5 ce. of filtered, 24 hour broth cultures of the 
respective microorganisms. Each series of tubes was observed 
over a period of 5 days and the highest final dilution showing 
retardation of growth was recorded as the antiseptic or bacterio- 
static strength of the compound. Subcultures or solid media have 
regularly shown that these antiseptic values do not correspond 
to the germicidal activity inasmuch as viable microorganisms 
may be reeovered, but the technique is very simple, serves to 
bring out the finer differences in antiseptic values of the different 
compounds, and has proved of much value in former studies with 
compounds of this class for determining their influence upon 
bacterial activity. 

The results of tests with this series of new compounds and 
with mercuric chloride and mercurophen are summarized in 
Table I and have shown the following. 
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1. As a general rule a higher antiseptic activity was displayed 
against staphylococci than Bacillus typhosus. This partic- 
ularly true of sodium oxy-mercury orthonitrophenolate (mer- 
curophen) as previously described (7) and is apparent with 
several of the new compounds included in this series; namely, 
Nos. 76, 95, 97, 121, and 122. Compounds 96 and 125 did not 
show this peculiar and interesting superior antiseptic activity for 
staphylococci. 

2. Two of these compounds, namely Nos. 97 and 121, have 
also displayed striking antiseptic activity for the bacilli and 
spores of anthrax, which is a distinguishing characteristic of 


mereurophen. 
TABLE I. 


Results of Antiseptic or Bacteriostatic Tests of Compounds in a Menstruum 
of Nutrient Broth. 


Highest antiseptic solution for 
Substance. Mercury. 
Staphylococcus Bacillus Bacillus 
aureus. typhosus. anthracis. 
per cent 
Bichloride Hg.......... 7 1: 600,000 1: 360,000 1 : 600,000 
Mercurophen..........) 53 1: 2,400,000 1: 360,000 >1: 2,400,000 
No. 76..............-| 38.3 | 1:420,000 1: 180,000 1: 180,000 
1: 180,000 1: 42,000 1: 36,000 
1: 60,000 (?) | 1: 60,000 1: 54,000 
1: 420,000 1: 180,000 >1: 2,000,000 
“ 36.1 | 1:480,000 1: 180,000 1: 600,000 
1: 540,000 1: 180,000 1: 180,000 
38.8 1: 360,000 1: 240,000 1: 120,000 


Additional tests with compounds of this series which could be 
prepared in sufficiently concentrated solutions, have shown that 
a marked reduction in antiseptic activity occurs in the presence 
of large amounts of protein, as when the tests are conducted in a 
menstruum of serum. The results of tests shown in Table II 
were obtained by adding to varying dilutions of the compounds 
in water in amounts of 1 ce. an equal amount of sterile human 
serum and seeding with 0.05 ec. of filtered, 24 hour broth cultures 
of Staphylococcus aureus; the results indicate the highest anti- 
septic or bacteriostatic activities of the various compounds in a 
menstruum of 50 per cent human serum. 
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TABLE II. 


Results of Antiseptic or, Bacteriostatic Tests of Compounds in a Menstruum 
of Humpn Serum for Staphylococcus aureus. 


_ Highest antiseptic 


Substance. | Mercury. solution for 
Staphylococcus aureus, 
per cent | 

Mercurophen....... 53 1: 6,000 


| 9,400 


Results of Toxicity Tests.—These tests were conducted by 
injecting white rats intravenously with varving doses of the new 
compounds per kilo of body weight and so prepared that the 
dose for each animal was contained in exactly 1 ce. The injee- 
tions were made in a saphenous vein and at the rate of 1 ce. per 
minute. Following injection the animals were observed for a 
period of 2 weeks. The results of these tests are shown in Table 
II and summarized in Table [IV with the inelusion of mercuric 
chloride and mercurophen for purposes of comparison. 

A few compounds were also tested by intramuscular injection 
into the muscles of the thigh of white rats and the results with 
Nos. 96 and 97 are shown in Table V. 

Previous studies in these laboratories with ordinary mercurial 
compounds (8) have shown that toxicity is somewhat propor- 
tional to the content in mercury and this condition is apparently 
true of these new compounds as judged by the highest tolerated 
doses at the end of a 10 day period of observation. An exception 
to this general rule is apparent with mercurophen which is gen- 
erally borne by experimental animals in doses higher than expected 
according to the percentage of mercury present and to which atten- 
tion has been drawn in the investigations previously mentioned (7). 

Results of Trypanocidal Tesis.—TVhese experiments were con- 
ducted by infecting white rats with approximately known numbers 
(9) of a virulent strain of Trypanosoma equiperdum by intra- 
peritoneal or subcutaneous injection 24 hours before the intra- 
venous injection of the compounds in varying dosage per kilo of 
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TABLE III. 


Results of Toxicity Tests by Intravenous Injection in Rats. 


| | | | | Results in days. 
| Name of compound. | E | | = 
| | 1 2 $3, 6, 7; 8) 9; 10 11) 12 14 
i 
| | gm. | 
| 
95 3-Nitro--hydroxy- | 10D | 
acid-mereuric | | 78| | | 
3-Amino-t-hydroxy- 160 50D | | | 
phenylarsinie 40.6 195 20D | 
acid-mercuric | 150, — D, | | | 
97° Diacetyl-3:5-di- | 107, 10—|-|— — D 
| amino-t-hydroxy- 36.4 | 9S. | | 
aeid-mereuric 36.15 350. 20, D 
acetate. | 120 10 | | 
122 3-Bromooxalyl- | 120 30 D | | | 
arsanilie acid- 32.3 1130) | | 
mereurie acetate. | 160 10—D | | 
125. 3:5-Diamino-t-hy- 165, 30 
droxyphenvyl- 88.87 155. 20 D | 
arsinie acid-mer-— 1100} 10/—|—|—|D | | 
| | 


 curie acetate. 130) -- - - 


* Died. 


body weight; each dose was prepared separately and contained in 
1 cc. for each animal. Numerous controls were infected at the 
same time and in the same manner but were not injected with 
the compounds. Following the injections of drugs the blood of 
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: TABLE IV. 
Summary of Toxicity Tests by Intravenous Injection in Rats. 
| Highest toler- 
Com- M ated dose per 
pound Name of compound. pewoal kilo. 
No 
| 2 days 10 days. 
| per cent mg. mg. 
95 3-Nitro-t-hydroxyphenylarsinic acid-mercuric | 38.05) 2-8 
acetate. 
9% 3-Amino-4t-hydroxyphenylarsinie acid-mercu- 40.6 10 5 
ric acetate. 
97 | Diacetyl-3: 36.4.) 10 6 
acid-mercuric acetate. 
121 | 3-Bromoarsanilic acid-mercuric acetate. 36.15! 10 
22. 3-Bromooxalylarsanilie acid-mercurie acetate. | 32.3 5 5 
125 | 3: 5-Diamino-4-hydroxyphenylarsinic acid- 38.87) 10 5 
mercuric acetate. 
Q | Mercurie chloride. 74 6 ot 
0 | Mercurophen. 53 10 8 
TABLE V. 
Results of Toxicity Tests by Intramuscular Injection in Rats. 
3 | | Results in days. 
Name of compound. | 
2/3] 4] 5] 6) 8| 10) 11/22/13) 14 
mereurie acetate. (130) 13 — & 
| | | | 
97 | Diacetyl-3:5-diamino-4- /134| 24 
hydroxyphenylarsinie {100; | 
| | 
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each animal was examined daily for trypanosomes by direct 
microscopical examination until death occurred. 

The results of these therapeutic tests are shown in Tables VI 
and VII. As previous studies have shown (10) mercurial com- 
pounds cannot be given in sufficient dosage to exert more than a 
minor and temporary influence upon experimental trypano- 
somiasis with this strain of trypanosomes and similar results were 
observed with the new compounds herein described. 


TABLE VI. 


Results of Therapeutic Tests with Trypanosoma equi perdum.* 


| 
| 
95 3-Nitro-4-hydroxyphenyl- 1,90; 12; — +/D 
 arsinie acid-mereuric- 2| 87; 10) — |+i+/+/+/+/D 
85) 6 — j+/+/+/+/4+/D 
3-Amino-t-hydroxyphenylar- | 51455 S — 
sinie acid-mercuric acetate.| 6220; 4. — 
7/210, 2) — |+)/+/+/D 
Controls. 0 S115, 0, Few. +44 41D) 
| 9144, 0} “ 
10114) +/4/4/+ D 
11/140} 


* Rats infected by intraperitoneal injection of 180,000 trypanosomes 
24 hours before the intravenous injection of the drugs. 


Entirely different results may be expected in tests with rabbits 
infected with Treponema pallidum and we hope to be able to 
report later on this phase of the problem, when these laborious 


experiments are sufficiently concluded to permit of drawing com- | 


parisons and conclusions. 

Further tests conducted with a new technique previously 
described (11), consisting in mixing in test-tubes the blood of rats 
showing the presence of very large numbers of these trypano- 
somes with an equal quantity of solutions of the new compounds 
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and testing for trypanocidal activity by injecting portions of the 
mixture intraperitoneally in rats after standing for varying pe- 
riods of time at 387°C. in a water bath, have shown a high degree 
of trypanocidal activity on the part of several of these com- 
pounds; the results observed with two of them (Nos. 95 and 97) 
are shown in Table VIII. 


TABLE VII. 


Results of Therapeutic Tests with Trypanosoma equiperdum,* 


Compound Results in days. 
| 1 
3-Nitro-t-hvdroxyphenvlarsinie acid- 2 | Kew. I+) +/+ D 
mereurie acetate. 145 | 
“ |+/D 
| 
97 Diacetyl-3: 5-diamino-4-hydroxyphe- ISO) 2 | 
nylarsinie acid-mercuricacetate, 175 | 
121  3-Bromoarsanilie acid-mereuric ace- 220) 2 | D 
aay tes + + D 
122 acid-mercuric 160 
acetate. 200. | + D 
210, 3} D 
| 
Controls. 170, 0; “ + +/+ 
+ |+|/D 
175) 0) + ++D 


*Rats infeeted by subcutaneous injection of 800,000 trypanosomes 24 
hours before the intravenous injection of the drugs. 


The technique is quite delicate and serves to show whether or 
not compounds too toxic for administration in sufficient amounts 
to influence experimental trypanosomiasis tn living animals 
possess trypanocidal activity as tested by this combined 7n vitro- 
vivo method. 
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TABLE VIII. 


Results of Trypanocidal Tests with the Combined in Vitro-Vivo Technique. 


‘S| 
Name of compound. re Dose.* 
phenylarsinicacid- 770.0005 —— ———D 
acetate. 55,0.00025 | — —|— D 
| 114.0,000125 —|— — — D 
| | 6310.000625 —|— 
| amino-4-hydroxy- |122}0.0005 
acid-mereuric 102/0.000125 
acetate, 92/0.0000625) | | 
Controls. | 62) 0) | 


60 


* Final amount of drug acting upon the trypanosomes contained in the 
blood of rats. 


Conclusions. 


1. The new compounds herein described possess less antibaec- 
terial activity than mercuric chloride but are likewise lower in 
content of mercury; a number of these compounds have shown a 
particularly increased activity against staphylococci and a few 
against a spore-forming bacillus, namely Bacillus subtilis, as 
compared with mercuric chloride. 

2. The antibacterial activities of the new compounds tested 
showed a marked reduction in a-menstruum rich in serum 
proteins. 

3. The toxicity of these compounds for white rats bears a 
general relation to their content in mercury. 

4. The new compounds possess trypanocidal activity as tested 
by an in vitre-vrvo method but cannot be administered to living 
animals in sufficient amounts to appreciably influence the course 
of experimental trypanosomiasis. 
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Methods of Analysis. 


Nitrogen was determined by the ordinary Kjeldahl method. 
In the cases of compounds containing nitro groups the latter were 
first reduced. Mercury and arsenic were determined from the 
same sample. 0.2 gm. was decomposed by 25 ec. of concentrated 
sulfurie acid, diluted with water, and the mercury and arsenic 
were precipitated together by hydrogen sulfide. After filtering 
and washing, the arsenic sulfide was dissolved in ammonia and 
the arsenic determined gravimetrically in the usual way as mag- 
nesium pyroarsenate. The mercuric sulfide was washed succes- 
sively with methyl alcohol, carbon bisulfide, and acetone, dried, 
and weighed. The washing with organic solvents, ete. was re- 
peated until the weight of the mercuric sulfide remained constant.! 


Stability. 


In order to determine the degree of firmness with which the 
mercury was attached to the nuclear carbon, we devised the 
following method. 100 mg. of the compound are dissolved in a 
small quantity of dilute sodium hydroxide in a 25 ec. glass-stop- 
pered cylinder and dilute acetic acid added drop by drop until 
the precipitate, which forms, just barely redissolves. The solu- 
tion is diluted with water up to 25 ec., 5 ec. of 5 per cent neutral 
ammonium sulfide are introduced, and the mixture is shaken. 
The time required for the complete precipitation of mercuric 
sulfide is noted. If this precipitate does not come down within 
30 minutes the compound is regarded as being unaffected. The 
mixture is then heated to 80°C. and maintained at this temperature, 
noting the time of the precipitation of mercury. If the result is 
negative after 4 hour, a new solution of the compound is made 
up and treated this time with hydrogen sulfide, first at ordinary 
temperature, then at 80°C., and finally at its boiling temperature 
if necessary. None of the compounds described in this article 
required treatment with hydrogen sulfide. The results obtained 
are given in Table IX. 


i This method of analysis was suggested to us by Dr. W. Jacobs and 
Dr. M. Heidelberger for which we take this occasion to express our 


appreciation. 
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TABLE IX, 


Compound. 


3-Nitroarsanilie acid-mercuric 
acetate. 


$-Nitro-4-hydroxyphenylar- 
sinie acid-mercuric acetate. 
4: 5-Dinitro-+-hydroxyphenyl- 


arsinic acid-mercuric acetate. 


3-Amino-4-hydroxyphenylar- 
sinie acid-mercuric acetate. 


Ammonium sulfide 
in cold. 


Ammonium sulfide 
at 80°C. 


Precipitated im- 
mediately. 


Precipitated in 30 


min. 


Precipitated  im- 


mediately. 


Partial precipita- 


tion. 


Complete atter 19 
min. 


3:5-Diamino-4-hydroxyphenyl-| Slight precipitate. | Complete precipi- 
arsinic acid-mercuric acetate. tation in 4 hr. 


Diacetyl-3: 5-diamino-t-hy- Precipitated —im- | 


droxyphenylarsinic acid- mediately. 
mercuric acetate, 

p-Benzarsenic acid-mercuric 
acetate. 

3-Bromoarsanilie acid-mercu- 
ric acetate. 

3-Bromooxalylarsanilic acid- si 
mercuric acetate, , 

SUMMARY. 


1. The presence of the arsenic acid group in the molecule of 
organic compounds described in this paper apparently does not 
interfere with the entrance of the mercury group. The half com- 
plex compounds thus formed are characterized by a comparative 
stability in alkaline solution. The splitting off of metallic mercury 
occurs only in compounds containing an animo group which has 
also been frequently observed in non-arsenical compounds. 

2. The process of formation of the organic arsenical mercury 
compounds and their chemical properties do not differ substan- 
tially from organic mercury compounds containing no arsenic 
acid group. | 

3. The toxie effeet on the animal body as it appeared to us 
is mainly caused by the mercury group. The arsenic acid group 
neither increases nor decreases the toxicity of the compounds. 
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4. To our disappointment, the curative influence of these new 
compounds in experimental trypanosomiasis and also the germi- 
cidal effect tn vitro were not superior to the ordinary organie 
mercury compounds. 

5. As in every other chemotherapeutic investigation the ap- 
parently negative therapeutic results with the compounds herein 
described cannot be aecepted as definitely characteristic for the 
arsenical mercury compounds. Our studies were limited to a 
comparatively small number of compounds and further studies 
might result in the discovery of a powerful trvpanocidal or ger- 
micidal containing both mercury and arsenic. 
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